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The statistical techniques subsumed under the general term 
analysis of variance, and associated with the name of R. A. Fisher 
(13, 15), have for some time been employed in agriculture, biology, 
and related fields. Fisher’s book, ‘‘Statistical Methods for Re- 
search Workers,”’ first published in 1925, has gone through seven 
editions; while its companion volume, ‘‘The Design of Experi- 
ments,’’ first published in 1935, is now ‘in its second edition. 
Fisher's methods were, naturally enough, first taken up in this 
country by those primarily interested in agricultural research. 
Several excellent books have appeared in which Fisher’s designs 
are described and illustrated in this general field (18, 30, 39). 

Analysis of variance has not, as yet, been widely used in 
psychological research (3) or in the social sciences (9). Even as 
recently as 1940, the author of a textbook (26) in which Fisher’s 
methods are applied to problems in educational research, found it 
necessary to use artificial data in several instances because of the 
lack of experimental material in this field. The neglect of Fisher 
by psychologists has been owing in part to the difficulty which 
many encounter in following Fisher’s treatment. Moreover, the 
belief that Fisher’s methods are concerned chiefly with small sam- 
ples has doubtlessly had its influence; as has also the difficulty 
which arises in readily translating experimental designs dealing 
with soil fertility, weights of pigs, effectiveness of manurial treat- 
ments and the like over into a psychological framework. 


* Garrett is responsible for Sections I, II, III, V and VI; Zubin for Sections 
IV and VII. Dr. John W. Fertig read the manuscript and gave valuable sugges- 
tions, 
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The present review attempts to outline and explain the experi- 
mental designs in which analyses of variance* are useful. A mini- 
mum of theory has been introduced, as theory and methods of cal- 
culation are readily available in several textbooks. What we have 
tried to do is to cite experiments in which Fisher’s experimental 
designs are used; to explain why they are valuable; and to indicate 
some of the situations in which we believe analysis of variance 
techniques offer a more efficient method of attacking the problem 
than those currently in use. 


I. MEANING OF ANALYSIS OF VARIANCE 


In experimental work in which many measures (e.g., scores) 
have been obtained from individuals or groups, it is often impor- 
tant to be able to separate out or differentiate the factors which 
contribute to individual or group differences. The measure of vari- 
ation analyzed is usually the variance, or o?, instead of theo. A 
simple illustration will show why o? is used. Let Z be a variable 
which is composed of two components X and Y. X and Y are 
indicative, say, of masculinity-femininity characteristics; men tend 
to have higher scores in X, women higher scores in Y. For any 
individual, Z is the sum of his X and Y scores. Then Z=X+ J, or 
z=x-+y when measures are taken from their respective means. 
Squaring, summing, and dividing by N —1 we have 
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Now if X and Y are independent so that r=.00, 
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and the variance of Z has been analyzed into two parts. The 
proportion which each variance contributes to differences in Z may 
now be readily determined. Should X and Y not be independent, 
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we have, in addition to the independent contributions of X and Y, 
their joint contribution through }>xy/(N—1). This last term is 


* Analysis of variance, as a general term, covers also analysis of covariance. 
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called the covariance of X and Y, and its relation to correlation is 
readily apparent. When comparable groups are combined, the 
variance of the resulting inclusive group may be broken down into 
the sum of the variances and covariances of the component groups. 
Because of the additive nature of variances, they are analyzed in- 
stead of the o’s, when one is seeking the contributing causes to 
group or individual differences. 

An instance in which the variance of a final measure is analyzed 
in terms of its components is Shuttleworth’s study (36) of the con- 
tributions to differences in 1Q of heredity, environment, and ac- 
cidents plus intra-family environmental differences. Let x=IQ, 
h=heredity, e=environment, and a=accidents, etc.; then if 
x=ht+e+a, 

On” = on? + 6? + Ga” + 21ers. 


Going on from here, Shuttleworth analyzes the variations in IQ 
into the proportions contributed by the factors h, e, a, and he in 
combination. In the studies of Roff and Roff (32) and of Rubin- 
Rabson (33), the total variance of a final result is analyzed into 
several components. The relative weights of these components are 
determined from the percentage which each contributes to the 
total V.* All of the examples cited use fairly simple experimental 
designs. But no matter how complex the final analysis, the break- 
down of the total variance into components and contributing vari- 
ances is the essential objective of the method. 


II. SmmpLE CLASSIFICATION OF VARIATES 


Tt} 


.e simplest problem in which the analysis of variance ap- 
proach is often profitable is that in which there are several inde- 
pendent groups of subjects upon all of whom the same measure- 
ments have been made. To illustrate, suppose that a test of 
memory-span for digits has been administered to 5 groups of chil- 
dren (100 in each group) of different national or natio-racial origin, 
for example, American, Chinese, Mexican, Italian, and Japanese. 
Our problem is to discover whether these groups differ significantly 
in memory span. Fisher has shown that the best working hypoth- 
esis in situations like this is the ‘‘null hypothesis’ (13, 18); that 
is, the assumption that there are no “‘real’’ differences among our 
groups. Put somewhat more precisely, the null hypothesis as- 
sumes that our 5 samples have been drawn in the same way from 


* Variance, 
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some defined parent population; and that these samples do not 
differ from one another except through fluctuations which inevi- 
tably arise from sampling. The purpose of our experiment may be 
said to give the facts a chance to disprove this null hypothesis. A 
null hypothesis, since it is the statement of a negation, can be dis- 
proved or refuted but can never be proved. However, if the null 
hypothesis is repeatedly refuted (as for instance in the present 
illustration), we may finally be led to conclude that there are real 
differences among our groups. But such a generalization—which 
is the goal of the inductive method—represents a formulation 
based upon logical consideration as much as upon statistical tests, 

To return to our 5 groups, the first step in the analysis of our 
data is to calculate an over-all or total variance, V;, from a com- 
bination of the scores from all 5 groups. V; may then be separated 
into two parts, one portion being the V within groups (V.~), the 
other the V between groups (V,), or among the weighted means of 
the 5 groups. The calculations (37) which involve only simple 
arithmetic may be tabulated in the following way (data are artifi- 


cial): 
TABLE I 
Degrees of Mean Sq. 
Source of Variation Freedom Sum of Sqs. ( Variance) 


Between groups 8 2(V2) 


4 
Within groups 495 990 2(V.) 


Total 499 998 2(V:) 
Test of Significance, F= Vi/V,=2/2=1 


Under ‘‘Source of Variation’’ we place the total V and the two 
parts whith make it up. To obtain the mean square or variance 
attributable to the ‘‘total,’’ “‘within,’’ and ‘‘between”’ separately, 
we divide the sum of squares segregated under each category by 
the DF (degrees of freedom) assigned to it. Finally, to discover 
whether the mean differences among our five groups are significant, 
we divide V; by V, to get the quantity ‘‘F.’"’"* The distribution 
of these F-ratios has been found, and tables (18, 37) giving the 
values of F for different degrees of freedom in numerator and 
denominator have been calculated at the two critical points, .05 
and .01. For an F, the numerator of which has 4 DF and the 


* It is possible to test the significance of the ‘between means” variance in 
terms of the ‘‘within” variance by using Fisher's z-distribution (18, 30) instead of 
the F-distribution. Since z=} log. F, the two tests give the same result. The 
F-test is somewhat easier to use. 
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denominator 495 DF, the .05 point is 2.39 and .01 point is 3.36. 
These values may be interpreted to mean that on the null hypoth- 
esis (7.€., assumption of no real differences among groups), repeti- 
tions of our experiment would 5 times in 100 trials give F's as large 
as (or larger than) 2.39; and once in 100 trials would give F’s as 
large as (or larger than) 3.36. It is clear that our F of 1.00 is not 
significant, as it is less than the 45 value, and would occur much 
more often than 5 times in 100. Hence the null hypothesis is not 
disproved, and there is no evidence that the differences among our 
group means are the result of anything more than sampling fluc- 
tuations. 

Several points raised by this problem must be considered fur- 
ther. The concept of ‘“‘degrees of freedom’’ will be new to many 
psychologists (43). The roots of the notion lie in fairly difficult 
mathematics, but the rationale of its usage is readily apparent. 
DF refers to the independence or lack of restrictions in the data. 
If we have 10 scores and their sum, this series possesses only 9 de- 
grees of freedom, since in the case of 9 scores and their sum the 
tenth is at once determined. If we calculate the mean (which is 
based, of course, upon the sum) from a distribution, we use up 1 
DF. \n the example above, the DF for the total is 500—1 or 499; 
for between groups, it is 5—1 or 4; for within groups it is 499—4 or 
495. The last DF may also be determined as follows: since there 
are 99 DF in each group (100—1) and 5 groups, 995 =495. 

lhe conventional method of attacking a problem in which 5 
groups are to be compared for mean performance is to calculate the 
means and standard errors of the means for each group. The 10 
possible comparisons of means are then made [each in terms of its 
s.e. (difference)] and the critical ratios are evaluated in terms of the 
probability that such a difference (or a greater) can be attributed 
to sampling alone. Analysis of variance is superior to the conven- 
tional method in several respects. First, it should be noted that 
the standard error (here the within groups V) is based upon all 
of the data instead of upon 1/5, and hence is a more stable estimate 
of experimental error than are the s.e.’s calculated from the sepa- 
rate groups. Throwing our groups together is in accordance with 
the null hypothesis which we have assumed, namely, that the M’s 
of our 5 groups are essentially equal. To be sure, this null hypoth- 
esis may be disproved. But even if it is, the F-test is not thereby 
invalidated, since the net effect of such a finding is to increase F— 
if anything—and hence render the test of significance more sensi- 
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tive. Secondly, the F-test provides an over-all test of significance. 
If it is mot significant, ordinarily no further test need be made; for 
none of the mean differences is likely to be significant. If it is 
significant, then the individual M’s may be compared and their 
differences evaluated in the usual way. A significant F does not 
guarantee that all] mean differences are significant. Thirdly, an 
experimental error based upon the within groups variance provides 
an estimate of the population variance from which differences in 
group means have been eliminated. Hence, we get a valid esti- 
mate of experimental error even when true differences exist among 
means. Finally, note that all of the variances in our table, ‘‘total,”’ 
‘‘within’’ and ‘‘between’”’ are the same: namely, 2.00. When the 
total V equals the ‘‘within”’ and the “between,” the several groups 
may be treated as samples drawn from the same population :—the 
null hypothesis is not refuted. Under these conditions, the three 
estimates of variance are equally good gauges of experimental er- 
ror. The discrepancy between the V, got from the M’s and the 
V.. from within groups is thus a direct measure of the extent to 
which the means differ. 

The simple experimental design described above has been used 
in several studies in psychology. 

Schrader (34) has investigated the relation of scores made by college 
freshmen on a liberalism questionnaire to such variables as best-liked 
high school subject, mother’s education, father’s education, father’s oc- 
cupation, and the like. The questionnaire contained 186 statements and 
covered various types of social problems dealing with labor, race rela- 
tions, economic relations, and nationalism. There were 149 subjects, 


Table II shows the data when the men subjects were grouped into 10 
categories in accordance with their expressed preferences for high school 


subjects: 
TABLE II 


Source of Variation DF Sum Sqs. Mean Sq. (V) 


Between the 10 categories 9 5.33 .59 
Within groups 157.21 1.13 


Total 162.54 


F= .59/1.13=.5 Free 63 (37) 


The nonsignificant F (.5) gives no evidence of other than a chance rela- 
tionship between liberalism and best-liked high school subjects. When, 
however, the masculine subjects were grouped into two categories—those 
whose mothers went to college and those whose mothers did not—the 
F-test for these groups was 9.2, which should be compared with an 
.01[ F.9:] of 6.8 (obtained from the table of F). We must expect, therefore, 
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an F of 6.8 (or larger) to result from sampling fluctuations once in 100 
trials; and accordingly, the F of 9.2 is quite significant of a real difference 
between the liberalism scores of students whose mothers went to college 
and those whose mothers did not attend college. 

One of the problems attacked by Rietz (31) was that of discovering 
whether students admitted to college from High School A over a five year 
period varied significantly in intelligence from year to year. Intelligence 
was measured by the American Council Intelligence Examination and 
was expressed in percentile scores. For 121 students admitted to college 
over a five year period, we have the following data: 


TABLE III 


Source of Variation DF Sum Sqs. Mean Sq. (V) 


Between the 5 groups 4 236.97 59.24 
Within groups 116 570.14 4.92 


120 807.11 


.05 =2.45 (37) 


The F is larger than the .01 point, and it is clear that the students from 
high school A have varied greatly from year to year. The admitting 
college evidently cannot count upon receiving regularly groups of either 
good or poor students from this high school. 

Dressel (8) has employed analysis of variance in attacking the question 
of the relationship between grades received in high school and later college 
success. In the 15 high schools studied, significant differences were found 
among the schools in grades assigned these students. The college grades 
received later by these students, grouped according to the high schools 
from which they came, varied much less than the wide differences in high 
school achievement might have led one to expect. Evidently, the mark- 
ing standards employed by the high schools varied from school to school, 
and differed from those used by the colleges. 

Jellinek (23) has used analysis of variance in several interesting physi- 
ological studies at the Worcester State Hospital. In one of these, the 
caloric output of 72 male schizophrenics was recorded under fasting condi- 
tions 12 (or less) times. The variations within and between individuals 
(called the intra- and inter-individual differences) were compared with 
the same measures obtained from normal controls. The inter-individual 
variance of the normals was significantly less than that of the patients. 
Jellinek writes: “... investigations in this hospital have shown that 
normal controls, although somewhat heterogeneous for most physiological 


variables, form a more compact group than schizophrenic patients’ (p. 
37). 


The experimental design illustrated above has been employed 
most often in situations in which the groups compared were inde- 
pendent. If groups are paired initially person for person in some 
function, and later measured in the same or a related function; or 
if groups are matched initially (say for M and a), analysis of vari- 
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ance may still be employed. Shen (35) has derived the formulas 
appropriate for use under these restricted conditions. 





III. MULTIPLE CLASSIFICATION OF VARIATES 


The method of analyzing the variance between and within 
groups can readily be extended to apply to more complex experi- 
mental designs. The chief difference lies in the larger number of 
groups needed and in the more complex relations among them. An 
example will serve to introduce certain new terms. 

In one experiment (11), blood cholesterol readings (mg./100 
cc.) were taken on 18 individuals during the months of April and 
May. The average reading for April was 144.91 and for May, 
150.16. Is this rise significant? Data may be arranged as follows: 





TABLE IV 
Source of Variation DF Sum Sqs. Mean Sq. (V) 
Between months 1 248 .0 248 .0 
Between individuals 17 4337.0 255.1 
Interaction 17 1907 .7 112.2 
Total 35 6482.7 
am ear rit 05 =4.45 {.05 =2.30 
F=248/112.2=2.21 ae 01=8.40 F=255.1/112.2=2.27 Mm: 01=3 30 


It will be seen that instead of an analysis into between and within 
months, the within months variance has been separated into two 
parts: a new classification, ‘‘between individuals,’’ and a term called 
‘“‘interaction.’’ There are two determinations for each individual 
(one in April and one in May), and the new classification, ‘‘between 
the weighted means of individuals,” enables us to find whether in- 
dividuals differ significantly in blood cholesterol regardless of the 
month in which the reading is taken. Interaction is a measure of 
experimental error. This term gives a measure of the per-month 
fluctuations of the 18 subjects; it represents the variations arising 
from the fact that these subjects reacted differently on the two 
occasions. If each of our 18 S’s (subjects) had given the same read- 
ing in May as in April, all of the V would then be between indi- 
viduals and there would be no interaction. Or if all S’s had re- 
turned identical readings in April and in May (each reading in 
May, however, being 10 points higher than in April), there 
would have been no interaction, all of the variation being then 
attributable to differences in the months (18, 20, 39). 

Entering the table of F, first, with 1 and 17 DF’s (37), it is 
clear that the value 2.21 is not significant and that the blood 
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cholesterol readings did not really differ in April and May. It ap- 
pears from the second F-test that individuals are almost—but not 
quite—significantly different in their blood cholesterol readings. 
An F of 2.30 might be expected to occur by chance only once in 20 
trials, and the obtained F is 2.27. 

Several aspects of this analysis may now be discussed at greater 
length. First, the total V has been analyzed into the V con- 
tributed by the differences in months, by the heterogeneity of the 
S's, and by the interaction of subjects on months. This last V is a 
measure of the failure of the S’s to react in the same way to the ex- 
perimental situation and hence is the most valid measure of the 
uncontrolled variation called experimental error. Secondly, it may 
be noted here that the F-test is essentially the same as the ¢-test 
(the critical ratio) when two groups only are to be compared. In 
fact, when two means are compared, F=/. In the problem above, 

ean difference between months is 5.25 and the standard error 

is mean is 3.53. Also, t=5.25/3.53 or 1.487, and for 17 DF 

are 18 differences) P is .156. Thus # (1.e., 1.487?) is 2.21, 

} equals F. When several groups are to be compared, F is the 
more inclusive) test because it supplies an over-all test of 

ince. If F is not significant we need go no further. Butif F 
nificant then the ¢-test should be applied to the separate 
comparisons, as F does not tell which differences are significant— 
but simply that some are. Thirdly, it should be remembered that 


when the measures or scores of two groups are pooled, equal o's 
in the two groups are assumed, 1.e., the two groups are taken to be 
samples of equal variance drawn from a common population or 
from comparable populations. This condition, known as homo- 


geneity of variance, is a prerequisite to analysis of variance. When 
means differ significantly, not only these parameters but the o’s 
within groups may differ, and the differences in o may contribute 
to the mean differences. Tests for the homogeneity of variance (21) 
should be utilized when there are many groups and when doubt 
exists as to the comparability of their o’s. It is fortunate that the 
F-test is usually valid when the o’s of the groups to be compared 
are not equal (26), provided the discrepancy is not great. 

The reader should note that had the analysis of variance in this 
problem been into between and within months, with 1 and 34 DF 
respectively, the experimental error would have been 183.7 (mean 
of 255.1 and 112.2) instead of 112.2. All subject variance—the 
within variance as well as the interaction variance—is now in- 
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cluded in this estimate of experimental error. It is clear that a 


design in which the experimental error is thus inflated decreases 


the precision of the result obtained. 
The present methods of analysis of variance may often be use- 
fully applied in experiments involving a number of practice trials, 


Garrett (16), for instance, had S’s learn materials of different levels 
of difficulty under conditions of massed and spaced practice. One question 
raised by the experiment was whether sample (group) variance contrib- 
uted more towards individual differences than did practice variance (V 
between means). The total variance in each set of practice trials was 
analyzed into the V between trials, the V within groups, and the interac- 
tion between S’s and practice trials. As was expected, both subject and 
practice variance contribute significantly in terms of experimental error 
(interaction). To test the relative strength of these two factors, practice 
variance was divided by sample variance and the resulting F evaluated 
in terms of the appropriate DF. In all cases but one, practice variance 
contributed more to total (i.e., individual differences) than did subject 
variance, though not all differences were significant. The hypothesis is 
advanced that intensive practice is more potent than original nature (as 
measured by sample variance) in effecting differences in individual per- 
formance. But this conclusion is limited by the nature of the sample 
(college students) and by the character of the tasks. 


A number of examples in which analysis of variance is an es- 
sential part of the experimental design may be found in the mono- 
graph by Jackson (21). One useful example (pp. 34-42) shows un- 
der what conditions several groups may be considered to be sam- 
ples of a common population and combined into a single group. 


IV. THe LATIN SQUARE AND THE GRECO-LATIN SQUARI 


In some experiments the sequence or order of the experimental 
factors or situations in space or in time has a bearing upon the out- 
come. Agricultural is replete with such instances; and the spatial 
location of the plots in a field is often of great importance due to 
the possibility fertility gradients that may exist. Better results are 
expected from certain plots simply because of their location, and 
regardless of the treatment (e.g., fertilizer). 

In psychology, spatial position is often an important consid- 
eration, especially in experiments in psychophysics and in percep- 
tion, and special methods have been devised to take account of 
this factor. Temporal order or sequence is also important and has 
received considerable attention in experimenta design. In fact, the 
rotation experiment in which groups are tested in regular sequence, 
or experimental factors introduced in some systematic order, was 
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devised with the avowed purpose of equalizing the time-order of 
experimental application. The experimental design known as the 
Latin Square provides a means of evaluating and eliminating the 
factors of spatial and of temporal sequence through analysis of 
variance methods. An example will illustrate the method. 

In a recent experiment,* it was desired to determine whether 
the accuracy of recognition of colors differs markedly when the 
colors are presented to the dark adapted eye under various degrees 
of illumination. Colors selected were yellow, green, blue, and red. 
Four levels of illumination were chosen ranging from just no il- 
lumination through a graded series of intensities to a degree of 
illumination in which all subjects recognized correctly all the 
stimuli. Table V gives the experimental plan. The numerical 
entries in this table consist of the percent of the experimental group 
who recognized each color correctly. Note that the table is so 
arranged that each color is presented once in the first, second, third, 
and fourth place at each of four levels of illumination; and once in 
first, second, third and fourth place in each series. This scheme 
produces a 4X4 table in which the fours columns and the four 
rows provide random arrangements of the.colors. In consequence 
the variation in columns and rows represents a random variation 


which is independent of the influence of both order and of level 


TABLE V 
To ILLUSTRATE THE LATIN SQUARE 


‘our Colors, R, G, Y, and B are presented in such a way as to rotate out 
ts of Order and Position, and thus Equalize any Practice Effects. 


Presentation Illumination Levels 
Sertes 3 
a R Y 
b B 
Cc B F G 
d ’ ; R 


of illumination upon the recognition of the colors. This random 
variation in columns and rows will, however, decrease the average 
accuracy of performance. By segregating these influences, the 
effects of order and of illumination level are removed, and the 
accuracy with which the colors are recognized can be more pre- 
cisely determined. Eliminating these sources of variation becomes, 
therefore, an effective means of error control. The analysis of vari- 
ance takes the form shown in Table VI. 


* Unpublished study by W. E. Vinacke. 
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TABLE VI 
Source of Variation DF Sum of Sqs. Mean Square (V) 


V (rows) 

V (columns) 
V (colors) 

V (error) 


Among rows 3 
Among columns 3 
Among colors 3 
Residual error 6 


Total 15 
._ V (colors) 
~ V (error) 


It will be noted that the data have been analyzed into three 
sources of variation: intercolumns (illumination levels), inter-rows 
(order of presentation) and intercolors. Separated out also is the 
residual variance attributable to error. By means of the F-test, 
the variance of the accuracy of recognition of the different colors 
may be compared with the error variance, and the significance of 
the obtained differences determined. The variance due to rows 
(order) and the variance due to columns (illumination) can also be 
evaluated by the F-test. These factors are ordinarily of secondary 
interest in most experiments; but their size and their significance 
are often of value as indications of the effectiveness of our experi- 
mental controls.* 

In another part of the experiment quoted above a study was 
made of the form of the stimulus instead of the color. An analysis 
similar to that in Table VI can be made of this situation, but it 
may be noted that such an experiment leaves unanswered the 
question as to the combined effect of color and form. To deal with 
this problem, we should have to use a Greco-Latin Square. In this 
experimental design, each color and each form are combined in 
such a way that only one combination of each sort occurs; and 
these combinations may then be treated as a Latin Square (13, 41). 


V. FACTORIAL METHODS 


Because they permit an experimenter to study simultaneously 
the action of two or more independent variables, the factorial meth- 
ods of R. A. Fisher (2, 18) will prove especially valuable in many 
problems in experimental psychology. In factorial designs, each 


* It should be noted that the use of percentages in an analysis of variance is 
not defensible, since the variance of a percentage itself (o?=pq) and hence the 
variances of the columns and rows will not usually be equal. In order to cit- 
cumvent this difficulty it would be well to transform the percentages into some 
other function whose variance is independent of the level of the functioning, 


€.g.,0=2 siny/p; 09 =1//N. 
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variable may occur at two or more levels or strengths, and the ef- 
fects of the variables at each level (singly and in combination) may 
be investigated. Perhaps an example will provide the simplest 
introduction to this experimental design. Suppose that an experi- 
menter (E£) wishes to measure the relative strengths of thirst, 
hunger, and sex-deprivation in the white rat (44). The measure of 
each ‘‘drive’’ might be taken as the number of times a male white 
rat crossed an electrically charged ‘‘grid’’ after a given number of 
hours of deprivation from water, food, or sex-activity. For sim- 
plicity of design, let us suppose that each of our experimental vari- 
ables occurs ar two levels, namely, no deprivation and x hours of 
deprivation. (More than two levels could, of course, be intro- 
duced.) We may set up our experiment as follows, the capital 
letters meaning presence of, and the small letters absence of the 
drives: 
Variables Strengths or Levels 
Presence Absence 

Thirst T t 

Hunger H h 

Sex a Ky 

There are 8 possible combinations of stimuli by which an ani- 

mal may be affected: THS, THs, Ths, ThS, tH S, tHs, thS, ths. In 
the first situation, t.e., 7H.S, the animal is deprived of water, food, 
and sex; in the second, 7 Hs, of water and food, but not of sex, and 
soon. In the last experimental situation, ths, all three drives are 
at the zero level of deprevation, 1.e., at ‘‘normal.’’ A total of 8 
rats, one assigned to each experimental situation, is necessary to 
give the following form of analysis: 


Source of Variation DF Sum Sqs. Mean Sq. 
(T i 

Main Effects} H 1 
LS 1 

(TH 1 
1 

1 

1 


et a 


Interactions 


HS 
THS 


7 


The letters T, H, and S, represent the ‘‘main effects’’ or the action 
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of the variables, taken separately, in causing the rats to cross the 
grid. TH, TS, HS, are the simple interactions of two factors, and 
THS is the one triple interaction. These interactions give the joint 
effects of two or of three factors in combination. Eight rats provide 
only one animal for each situation, and hence there is no measure 
of experimental error, as the outline above indicates. In order to 
provide a measure of the variability to be expected under the vari- 
ous conditions, the E would certainly “‘replicate’’ or repeat his ex- 
periment putting several rats through each variable-combination. 
Suppose that 8 rats were tested in each of the 8 experimental situa- 
tions. The total group would then consist of 64 animals, the vari- 
ance of whose “‘scores’’ (crossings) could be analyzed as follows: 


Source of 
Variation 
T 
H 
S 
TH 
TS 
HS 
THS 


Error 


One degree of freedom is assigned to each of the factors since each 
occurs at two strengths or levels. The DF of the interactions are 
simply the product of the D F’s assigned to the two (or three) inter- 
acting factors. There are 56 DF’s available for estimating the error 
variance, that is, the variability to be expected when several ani- 
mals perform the same task. Note that if there had been 32 ani- 
mals, providing 4 replications, there would have been 24 D F's avail- 
able for estimating error. 

The significance of each factor may be found by dividing its V 
by the error V and evaluating the resulting F with due regard for 
the DF’s in the two V’s. The significance of the interactions is 
found in the same way. 

It is worth considering further just what is meant by the sig- 
nificance of the main effects and of the interactions. Suppose that 
H is significant by the F-test. This would mean that hunger will 
cause a rat to cross the grid more often than lack of hunger; and 
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this is true when the other factors vary as to strength and com- 
bination. A significant interaction, say HS, means that hunger 
and sex-deprivation will cause a rat to attempt to cross the grid 
more often than will the normal rat (‘‘normal”’ for these two condi- 
tions), whether he is thirsty or not. 

The number of experimental variables and the levels at which 
they operate may be increased over those in our example. But it 
seems likely that 5 or 6 variables at 3 or 4 levels of each is about 
the limit of practical usefulness. 

Crutchfield (5) (6) has carried out an experiment, using white rats, 
in which there were 5 factors each at 3 levels or strengths. The factors 
were concerned with various aspects of a string-pulling task, such as 
force of pull, length of string, training period, etc. Each experimental 
factor occurred at 3 levels. The outline of the experimental design was as 


foll WS: 


lo] 
~~ 
> 


urce of Variation MS(V) 


Factors 


E 

Interactions, AB 
Two factors AC 
AD 

AE 

BC 

BD 

BE 

CD 

CE 

DE 


2 
2 
2 
2 
2 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 


Complex Inter- 
actions; more 
than two factors 
(error 

Total 


Since each factor occurs at 3 levels, each has 2 DF’s. Each simple inter- 
action has 4 DF(2 X2). Five factors each at 3 levels will provide 3° or 
243 experimental situations; and hence 243 rats are needed in order to 
represent each experimental situation by ome animal. The lack of replica- 
tion would ordinarily be inadvisable, as it permits of no estimate of error. 
Where there are so many complex interactions, however, those of 3, 4, 
and 5 factors may be taken—as here—to give a fair measure of the differ- 
ential reactions of the animals to the experimental situations, and hence 
provide an estimate of experimental error. 
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Crutchfield and Tolman (7) have summarized the advantages 
of factorial design over the conventional single-variable set-up. 
Their points will be repeated with some elaboration: 


(1) Factorial or multiple-variate design is more economical of time and 
of labor than is the single-variable plan, since several experimental factors 
may be studied simultaneously. Furthermore, this design provides equal 
precision and demands no larger group of subjects than would be required 
if each experimental factor were studied alone. In Crutchfield’s study 
243 animals gave an appraisal of the 5 experimental factors, each at 3 
levels, with as much accuracy as would have been obtained if 243 ani- 
mals had been used to evaluate each factor singly, the other 4 factors 
being experimentally controlled. This means that 243 <5 or 1215 animals 
would have been needed under the single-variable design to get a result 
obtained from 243 animals under factorial design. 

(2) Not only is there greater economy in factorial design, but such an 
experimental set-up is less artificial, and hence provides a more valid measure 
of the effects of each factor than does the single-variable method. In the latter 
plan, results are valid only under the controlled conditions set up by the 
experiment. What effect a variable would have had under less restricted 
and more natural conditions, the experiment cannot tell. When several 
factors are controlled simultaneously or are held constant, conclusions 
relating to an experimental factor must be restricted to the given (and 
perhaps artificial) situation. In theillustration of p. 235, for instance, under 
single-variable method H would be studied while T and S were controlled; 
then 7, while H and S were controlled, and so on. But these ‘‘drives” 
normally occur together and at various strengths. Factorial design pro- 
vides (as here) a result valid over a wider range of conditions; single- 
variable design, on the other hand, provides only simple curves of per- 
formance at the different levels of the experimental factor. 

(3) Finally, factorial design supplies a means of studying the interac- 
tions or joint effects of the various factors. These interactions may often be 
more important than the main effects. Also, the estimate of experimental 
error is usually more adequate in the factorial set-up, since the influence 
of possibly contributing factors is controlled through a segregation of the 
variance attributable to these causes. 


Factorial or multiple-variable designs have application in a 
variety of psychological problems, such as the importance of vari- 
ous factors upon reaction time; of practice of different amounts and 
kinds upon transfer of training; of several variables at different 
strengths upon perception, memory, manual performance. In all 
of these, factorial methods, provide a broader base for general- 
ization than can be obtained from single-variable methods. The 
main disadvantage of the factorial design is perhaps the complex- 
ity of the experimental situations when many variables at different 
strengths are to be investigated. Again, not as many levels of a 



















THE ANALYSIS OF VARIANCE 249 


given factor can be tried out as is possible when only a single vari- 
able is studied at a time. 


VI. THE APPLICATIONS OF ANALYSIS OF VARIANCE TO 
CERTAIN SPECIAL PROBLEMS 

There are several applications of analysis of variance tech- 
niques to special problems which are important and useful enough 
to warrant special treatment. 

1. Reltabtlity of mental tests. The methods of variance analysis 
outlined in Section III are often useful in enabling an experimenter 
the better to evaluate a mental test or other measuring device. 
Suppose we have administered two forms (A and B) of the same 
test to 100 children in Grade V of an elementary school. Following 
the form of analysis given on p. 240 we may set up our data as 
shown in Table VII. 

TABLE VIi 
rce of Vartation DF SS MS (V) 
en test forms 1 é V; 
een individuals 99 Vind 
ction (expl. error) 99 ‘es 
199 
F,= V,/V. 
s significant, then the performance of our subjects upon the 
est forms is markedly different—due to practice or some other 
ice to be sought. If Fs: is significant, the test is a good meas- 
instrument, at least to the extent of separating individuals 
e from the other. Should F, not be significant, practice and 
other effects have been negligible, and scores on the two forms are 
virtually equivalent. If F2 is mot significant, the test is clearly 
not differentiating the members of the group and hence is worth- 
less. 

In the study of a mental test, the analysis of variance may of- 
ten be set up in another form more useful than that just presented. 
Thus the data in the problem outlined above might be arranged as 
follows: 

TABLE VIII 
Source of Variation DF 5. MS (V) 


Bet we en individuals 99 ats Vina 
Within individuals on the two forms 100 Lp rs. 


Total 199 
F; =] ‘ind Vo 
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In this design the analysis of the total variance is into the V be- 
tween individual subjects, for which there are 99 DF’s, and within 
the scores of subjects on the two forms. Since each of the 100 sub- 
jects has two scores (one on Form A and one on Form B), the DF 
for “‘within”’ is 1 for each subject or 100 in all. Now if F; is not 
significant, the scores of individual subjects differ no more than do 
the scores made by the same individuals on the two forms of the 
test. Obviously, under these circumstances, the test is of no value. 
If F; is significant, the test is differentiating the members of the 
group. 

From the V’s in our table above, a statistic known as the 
intraclass correlation may be computed. Intraclass correlation 
differs from the usual “‘interclass’’ (product-moment) correlation. 
In interclass correlation, the variates X and Y fall into two col- 
umns and are distinct from each other: —?’s between testis of in- 
telligence and achievement, memory and reaction time are 
common examples. In intraclass correlation, there is no distinction 
between X and Y and the variables may be interchanged from one 
column to the other. The r’s computed between the scores of 
twins in which either twin’s score may be classified as X or as Y 
is an example of intraclass correlation. A method often used when 
variables are interchangeable is one in which each individual is 
classified first as X and then as Y, the r being computed from 2N 
cases. Other methods have also been devised (19). 

In the design in Table VIII the intraclass correlation may be 
readily calculated from the formula, 

V ina a Vw 

lant: eeepacmicticuniagsa 

Vina + Vw 
When JV, is zero, i.e., when the subjects’ scores are identical on 
both forms of the test, r’=1.00. A high positive r’ indicates 
small variation within subjects’ scores as compared to the varia- 
tion between different subjects’ scores on the two forms of the 
test. That is, each subject tends to score alike on the two forms, 
but individual subjects differ from each other. The intraclass 
r’ is zero when the variation from subject to subject is no greater 
than is subject variability on the two forms. When this condition 
obtains, the same child is as unlike on Forms A and B as different 


children are unlike on the two forms. 
The two attributes—consistency is subject score and differen- 
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tiation between subjects—are of course what one means by the 
reliability of a mental test. Hence, a high intraclass correlation 
gives more information regarding reliability than does a high 
interclass correlation. The latter (reliability coefficient or self- 
correlation), when high, tells us that the scores made by the same 
subjects on the two test forms are much alike or that they are dif- 
ferent, but follow the same order. In the latter case, practice 
effects may cause the scores on the second test form to average 10 
points higher, say, than on the first test. Consistency of score on 
the two occasions—in the sense of identity—is represented by an 
intraclass r’ of 1.00, not by an interclass r of 1.00. 

2. Test for linearity of regression. Analysis of variance may be 
readily utilized to test the linearity of regression in a correlation 
table. The test for linearity consists essentially in comparing the 
V within arrays (say within the Y-columns) with the V around 
the regression line, j=d,2-x. If the regression line 7 =b,2-x passes 
through all of the column means, the difference between the sum 
of squares around the regression line and the sum of squares within 
columns is zero, and the regression is linear. The divergence of the 
sum of squares (within columns) from the sum of squares (regres- 
sion lines) becomes greater as the regression departs more and 
more from linearity. When the departure is significant in terms of 
the F-test, the regression is nonlinear. Good examples and speci- 
men calculations may be found in Lindquist (26) and Goulden 
(18 

The standard error of an obtained score. The usual formula 
for the standard error of an obtained score (sometimes called the 
standard error of measurement) is o1,=01.\/1—m; where oi, the 
o of the first form of the test, is assumed to be equal to a2, the a of 
the second test form. The coefficient, rz, is the reliability coeff- 
cient of the test. When an analysis of variance of the form given 
in Table VII has been made of the test scores, the standard error 
of an obtained score may be found directly by extracting the 
square root of the V attributable to ‘“‘error.'’ This residual V is 
what is left when the variance due to repetition of the test and to 
characteristic subject differences is removed. It is, therefore, a 
valid measure of an individual’s divergence from his theoretical 
“true’’ score. 

4. Item selection and validation. Analysis of variance offers a 
promising approach to the problem of the selection and validation 
of test items, although it may be doubted whether the items of 
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most psychological tests and questionnaries are worth the time and 
effort necessary to validate them by this technique. 


Baker (1) has sketched a plan for evaluating the items of a test by the 
method described in Section III. Let us suppose that the test items under 
study are to be validated against a criterion made up of school marks, 
achievement test scores, or other general measures. Total scores on the 
criterion measure may be separated into several (e.g., 5) subgroups, de- 
scribed as superior, above average, average, below average, and inferior. 
Baker suggests that these groups include 10, 15, 50, 15, and 10 per cent, 
respectively, of the criterion group; and other percentages may, of course, 
be employed. The items to be selected are now administered to the entire 
criterion group, which is then divided into subgroups selected to be as 
nearly comparable as possible. The percentage of each subgroup answer- 
ing a given item correctly is computed. The experimental set-up is as 
















follows: 





Criterton Subgroups 






I 2 3 4 5 
Experimental I .85 75 .50 .35 .10 
subgroups I] — — _ _ ate 
selected to be Ill — sist Rete cea a 
comparable IV a wie Sis Bed Ta 





To illustrate for item No. 74, the percentages of experimental group I 
answering this item correctly are 85, 75, 50, 35, and 10 per cent when 
distributed into criterion subgroups. This means that in the sub- 
groupings of experimental group I, 85 per cent of those classified as ‘‘su- 
perior”’ by the criterion scores answered this item correctly; 75 per cent 
of those classified as ‘above average’’ by the criterion scores answered the 
item correctly, and so on. The experimental design for the 5 criterion 
subgroups and the 4 experimental groupings is as follows: 









Source of variation DF SS MS(V) 
Between criterion classes 4 _ V (cols) 
Between exper. groups 3 — V (rows) 
Interaction (error) 12 -- V (error) 







19 





Total 





From the F-test one can determine whether an item varies significantly 
in percentage from one criterion subgroup to another. The variance in- 
troduced by the differences in experimental groups is eliminated by the 
design. 

Lev (24) has used analysis of variance between and within groups 
(Section II) as a means of determining the weights to be assigned to each 
of three possible answers to a questionnaire item. Weights were assigned 
in accordance with the extent to which the three answers reflected truly 
different attitudes. Lev’s method was to find whether the mean total 
score of those subjects answering often, sometimes, and never to a given 
item was significantly different in terms of the ‘within’ variance. The 
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use of analysis of variance in situations like this is legitimate and interest- 
ing; but it is doubtful whether it is very practical. Experience of others 
with weighting systems (25), (40) indicates that a rule-of-thumb will usu- 
ally give final scores which are as valid as those theoretically more precise. 

5. R.A. Fisher's ‘‘discriminant function.’ The nature and pur- 
pose of Fisher's discriminant function can best be made clear by 
an illustration. Suppose that we have administered a battery of 
tests to two vocational groups, to groups of boys and girls, to ab- 
normals and normals, or to any two contrasted groups. How best 
can we weight the tests of our battery so as to provide a maximum 
paration or discrimination between our two groups? The equa- 


se] 


tion which yields composite scores under the condition of optimum 

weighting constitutes a ‘‘discriminant function.’’ Such a function 

is essentially a regression equation from which—once we know a 

bject’s score on our tests—we can estimate his ‘“‘best’’ composite 

‘ore. When we possess scores in some criterion measure against 

ich our tests may be correlated, the discriminant function be- 
es an ordinary multiple regression equation. 

.\pplications of the discriminant function to psychological 
problems—with some description of the mathematical derivation 
will be found in papers by Travers (42), Wilmott (45) and Lorge 
(27). Fisher’s own account of this method (12) (14) will probably 
be difficult for psychologists who do not possess considerable 
mathematical training. 


VII. ANALYsIS OF COVARIANCE 


ie questions which analysis of covariance attempts to answer 
are quite similar to those with which analysis of variance is con- 
cerned. The main distinction between analysis of variance and 
analysis of covariance is the fact that in analysis of variance we 
have only one basic variable to analyze while in the analysis of 
covariance there are at least two such variables and in some cases 


many more than two. Thus analysis of variance may be regarded 


as univariate analysis, while analysis of covariance may be re- 
garded as multivariate analysis.* 


* This distinction between univariate and multivariate analysis must not be 
confused with simple and multiple classification for analysis of variance. (See 
page 235.) Another way of distinguishing between analysis of variance and co- 
variance is to note that when one of the classification criteria in an analysis of 
variance is a continuous variable that bears a significant correlation to the basic 
variable and to one of the classification criteria, the procedure to be used is 
analysis of covariance. 
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It will be of interest to examine the situations in which it is 
desirable to modify the experimental design so as to include an 
analysis of covariance. As long as the experimenter can arrange 
the classification criteria at will and select at random individuals 
from each class, a simple analysis of variance is satisfactory. An 
analysis of covariance must be resorted to when a second variable, 
which is correlated with the basis variable under examination, 
shows a significant degree of association to one or more of the 
classification criteria. Thus, suppose we wish to determine 
whether there are any geographic or regional differences in the 
weights of children. The simplest approach would consist of divid- 
ing the total weight variance into two parts: between regions and 
within regions and then determine the F ratio for these two vari- 
ances. Before concluding that weight is related to geographic 
location, we must determine whether age is a factor in this rela- 
tionship. Age may be regarded as another classification criterion, 
and a two-way table can be drawn up in which weight is distrib- 
uted according to the several subclasses of age in each geographic 
region. This gives rise to a two-way analysis in which the total 
weight variance is divided into three parts; between regions, be- 
tween age groups and the residue which is independent of inter- 
regional and interage effects. The F ratio between the interregion 
and residual variance would then tell us whether or not there are 
regional differences in weight which are independent of the influ- 
ence of age. This procedure is entirely valid if the age distribution 
is uniform in all the regions. But if age, like weight, also shows 
regional variation, and furthermore, if age is correlated with 
weight, the simple analysis of variance method does not apply and 
an analysis of covariance must be resorted to. 

The simplest example of the analysis of covariance, and one 
especially useful in psychology, is the case in which the gains from 
initial to final performances in a given task are compared for two 
contrasted groups. Ordinarily, the gains in one group are com- 
pared with the gains in the second group by means of the critical 
ratio method. The method of simple analysis of variance could be 
utilized for this case. Such a procedure will answer the question 
as to whether or not the gain was related to the differential factor 
on the basis of which the two groups were selected or contrasted. 
But this answer will not be conclusive, because the difference in 
gain between the two groups may in part be due to whatever 
differences exist in the initial levels of the two groups.* In order 
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to be certain that the difference between the two groups in their 
respective gains is not influenced by the initial level of the groups, 
some way must be found to eliminate the influence of initial level 
from the gain. 

The common practice utilized previous to the introduction of 
analysis of covariance was to use the regression equation between 
initial and final performances. By subtracting from the final per- 
formance of each individual the amount which was ‘predictable 
from his initial performance, the residue independent of the initial 
level was obtained. These residuals could then be compared for 
the two contrasted groups, and the mean difference in residuals 
compared with the standard error of this mean difference. 

[his procedure of dividing the variance of one variable into 
two parts: (1) a part that is directly predictable from a second 
variable, and (2) a part that is independent of the second variable, 
is the essence of the method of analysis of covariance. It differs 

the procedure just described in several essential points, but 
nderlying principle is the same. 

[he advantages that the analysis of covariance has over the 

r practice are: (1) it permits an over-all analysis when more 

two groups are contrasted and (2) it permits a finer analysis 
far as it makes possible an examination of not only the total 
ition and regression coefficients but also of the intergroup 
ntragroup coefficients. A simple example will illustrate the 
d. 
in experiment on the effect of convulsive electric shock on 
the mory of patients,** a series of tests consisting of paired word 
associates were taught before and after shock and the results 
compared with control data when no shock intervened. 

The data are shown in Table IX. 

Although an attempt was made to equate the tests for diff- 
culty, this attempt did not prove successful. It is, therefore, im- 
portant to remove the effect of initial difficulty from the final gain 
or loss in relearning. Table X gives the number of errors for 
tests under control and experimental conditions. Instead of pre- 


dicting each relearning score from its initial learning score, it is 


* It is well known that the correlation between gain and initial score is rarely 


zero. The exact relationship is given by fa2-y) =(1—krey)/V(1+8—2krey) and 
this will vanish only when rz, =1/k, where k =o,/oz. 

** These data were obtained from a series of mental patients treated with elec- 
tric shock (48). Only selected data are presented to make the computation simpler. 
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TABLE IX 


NUMBER OF ERRORS MADE IN LEARNING AND RELEARNING BY PATIENT 
P UNDER CONTROL AND UNDER EXPERIMENTAL CONDITIONS 


Control Experimental 
Learning Relearning Learning Relearning 
Series (x) (y) Series (x) (y) 
1 3 0 G 11 19 
Cc 8 13 K 9 19 
E eee 2 f M 9 21 
L 39 31 
Sums 19 : 68 90 
Sums of squares 137 173 1804 2124 
Sums of products 120 1778 








simpler to utilize a method which is in essence equivalent but which 
involves less computation (26). The only new type of sum intro- 
duced is the cross product. The sum of squares of the deviations 
are obtained in the usual way (37), and the correction factor which 
reduces the cross product to its deviation form is [}>(x)>>(y)]/N. 
These corrections are applied to reduce the sum of squares and 
products to deviation form. The results are shown in Table X. 


TABLE X 
SuMS OF SQUARES AND PRODUCTS FOR DATA IN TABLE IX. MEASURES ARE 
EXPRESSED AS DEVIATIONS FROM THEIR RESPECTIVE MEANS 


Source Learning (x) Relearning (y) Cross Product (xy) 


Control ; 98.0 25.0 
Experimental 99.0 248 .0 


Intra-Conditions 


Total ; 197.0 273.0 


Inter-Conditions 525.0 320.0 


Total ; 722.0 

In order to analyze the data presented in Table X, it is neces- 
sary to recast it into two parts: the inter-condition variance, which 
gives the effect of the contrast in experimental conditions (control 
and shock); and the remaining or intra-condition variance, which 
gives the variability to be expected when all the learning and re- 
iearning are done under constant conditions. The within variance 
is obtained by squaring the deviation of each score, deviations in 
the two groups being taken from their respective means. The sum 
of squares for within conditions is shown in line three of Table X. 
The difference between the total and the within conditions sum 
of squares is equal to the between conditions sum of squares as 
shown in line four of Table X. These data have been rearranged 
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in Table XI to show the sums of squares and products for the 
two sources of variation (inter- and intra-conditions) divided by 
respective degrees of freedom. 


TABLE XI 


SuMs OF SQUARES AND PRODUCTS FOR DEVIATIONS FROM THE 
MEANS CORRESPONDING TO THE DATA IN TABLE X 


Adjusted Adjusted 
Sum of DF Variance 
Squares for Re- 

for Re- learning 
learning 

Inter-Condition : 525. 295.4 

Intra-Condition 5 3 : y) ae 84.6 


DF Learning Relearning 


Source ps "ior , 
‘ Variance Variance “7 


Tot ‘ ; 380.0 
F (inter/intra) 


[In addition to the mean sums of squares and of products, 
Table XI also shows the correlation coefficients and regression co- 
efficients for the intra-condition data and for the total data. The 
correlation is given by the equation: 


rey = (xy) /V ¥ (x)? (y)? 





and the regression coefficient by the equation: byz=)_(xy) > (x)*. 


(Data in Table X.) 

ere are three possible correlation coefficients and correspond- 
ing regression coefficients that could be calculated from Table X: 
(1) from the tnter-condition data; (2) from the intra-condition 
data and (3) from the total. Since the inter-condition data reflect 
the influence of the experimental factor, it would be incorrect to 
utilize the coefficient from this source in estimating the intrinsic 
relationship between initial and final scores. The intra-condition 
correlation is suitable for this purpose, however, since it is free of 
any systematic effects of the experimental factor.* When the intra- 
condition regression coefficient was applied to the intra-condition 
and inter-condition sum of squares, the adjusted sum of squares 
(from which the influence of the initial level is eliminated) was 84.6 
and 295.4 respectively. Similarly, when the intra-condition re- 
gression coefficient was applied to the total sum of squares the 
total adjusted sum of squares was found to be 380.0.** The differ- 


* The total data cannot be used to determine the regression because these data 
include the effect of the inter-condition differences. 
** The methods for performing this reduction ore given by Snedecor (37). 
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ence (342.0) between the unadjusted sum of squares for relearning 
(722.0) and the adjusted sum of squares (380.0) indicates the de- 
gree to which the initial level of learning controls the relearning 
variance. In assigning degrees of freedom to each source of 
variation, the usual procedure is followed of allowing one less than 
the number of independent measures in each category. It should 
be noted, however, that for the intra-condition sum of squares 
the difference between the adjusted and unadjusted (the regression 
effect) for relearning must have one degree of freedom assigned to 
it. Consequently, the 5 degrees of freedom that belong to the intra- 
condition sum of squares are distributed by giving 4 for the ad- 
justed and 1 for the unadjusted sum of squares. 

The first question to be investigated is: does the initial level 
of learning exert a sufficiently strong influence on the relearning 
level to require the adjusting provided by analysis of covariance? 
Let us examine the intra-condition variance. The unadjusted sum 
of squares of relearning from this source is 197.0 (Table X), and 
the adjusted sum of squares is 84.6 (Table XI), indicating that the 
adjustment has reduced the sum of squares by 112.4. The degrees 
of freedom corresponding to the unregressed* and regressed sum of 
squares are 4 and 1 respectively. Dividing the sums of squares 
by their respective degrees of freedom, we obtain the variances— 
21.1 and 112.4 for the unregressed and regressed variances. Divid- 
ing the latter by the former we obtain an F-ratio of 5.3, which for 
4 and 1 degrees of freedom has a P value somewhat higher than 
.05. Consequently it is doubtful whether the initial level exerts 
a strong enough influence on the relearning level to affect the re- 
sults. Usually one would drop the analysis at this point, but for 
the sake of finishing the illustration it will be carried out to its 
completion. 


The second question to be answered is: does the removal of the 
influence of initial level produce any differences in the relationships 
between the two contrasted conditions for relearning? Let us first 
examine the unadjusted results. 

When the unadjusted inter-condition variances are compared 
to the intra-condition variances, the F-ratios for the learning vari- 
ances are not significant, but for relearning an almost significant 


* That portion of the final variance which is predictable from the initial level 
is called the regressed variance, while the residue which is not predictable from 
the initial level is called the unregressed variance. The unregressed variance is 
identical with the adjusted variance. 
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ratio of 13 is obtained, indicating that the control mean probably 
differed significantly from the experimental mean in relearning, 
When the influence of initial learning is ruled out, the resulting 
F-ratio given by the adjusted variances is increased to 14, which is 
still in the doubtful zone of significance. Thus, the partialling out 
of the initial level does not materially change the significance of 
the comparisons. 

So far we have dealt with a case involving simple analysis. 
Such cases can be treated as well by the ordinary methods of re- 
gression and group comparisons as by analysis of covariance, and 
the only innovation is the possibility of treating inter-group re- 
gression as well as intra-group regression.* 

The power of the covariance method becomes clearer when 
there are more than two subclasses in the classification. The data 
previously presented in Table X were obtained from an experiment 
in which, in addition to the control and shock data, there were also 
inter-shock and post-shock data. These data are shown in Table 
XII. It will be noted that although the difference between the 
means of errors for the several experimental conditions was sig- 
nificant for the learning and relearning situations respectively, 
these differences disappear for relearning when the initial learning 
score (number of errors) is partialled out. 

In Table XII each sum of squares for both sources of variation, 
the inter-condition and intra-condition, were adjusted by their 
own regression coefficients. The total sum of squares was also 
adjusted by its own regression coefficient. The adjusted or unre- 
gressed sum of squares as well as the regressed sums of squares 
are shown side by side for each source of variation. The F-ratio 
of regressed to unregressed variance is significant for the intra- 
condition source and for the total, indicating that the learning 
level exerts a significant influence on the relearning level. 

One complicating element should be pointed out here regarding 
the problem of dealing with the three possible types of regression 
coefficients that could be utilized in adjusting the relearning 
means.** When the total of the adjusted sums of squares for the 


* It will be readily noted that the inter-condition regression (or correlation) 
“spurious correlation” due to heterogeneity of ma- 
terial. Yule (47). When two groups whose means are different are placed together 
in the same correlation chart, the resulting correlation will be spuriously high be- 
cause of the heterogeneity that exists between the two groups. 

** Although there are three possible correlation coefficients—inter, intra, and 


was previously regarded as 
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two conditions was computed, it was found that it fell short by 
36.4 of the amount computed by the total regression coefficient 
method. This amount of variation represents the variability that 
exists between the two regression coefficients and can be treated 
as another source of variation. Sometimes a question arises as to 
whether the intra-condition regression coefficient should be utilized 
to adjust the inter-condition and total, or whether each variance 
should be adjusted by its own regression coefficient (22). No gen- 
eral rule can be laid down, but it is advisable to utilize only one 
regression coefficient, because in that way only one degree of 
freedom is used up. Ordinarily, the regression coefficient for the 
total is to be preferred in such cases, since it is based on a larger 
number of degrees of freedom. However, if there is a significant 
inter-regression variance, it must be analyzed into its proper 
components. 

Since in the present case the inter-regression variance was 
found to be only 36.4, which is even smaller than the intra-condi- 
tion variance, it is possible to consider the inter-condition regres- 
sion coefficient as not different from the intra-condition regression 
coefficient, and compute the residual variance accordingly. How- 
ever, whether we utilize only one regression coefficient or both 
seems to make little difference in this problem, as the F-ratio still 
turns out to be nonsignificant. 

omplexity is often introduced when more than one classifica- 
tion criterion is utilized. Thus, the data described above were 
obtained from several individuals. The total variance over all the 
conditions and all the individuals was analyzed not only for the 
inter-condition but also for the inter-individual effect. 

A still further source of complication is that due to the intro- 
duction of additional variables. For example, besides the learning 
and relearning measures, there were also available recall* measures 
and recognition** measures on each of the tests. All of these addi- 
tions are covered by easy extensions of the basic procedure of 
analysis of covariance, by means of which the variance of one 


variable over a series of subgroups can be analyzed after the influ- 


ence of the correlated variables is eliminated. 





total—only two of them are independent, since the total coefficient can be ob- 
tained from the combination of inter-and intra-condition coefficients. 

* The recall is measured by the first trial in relearning. 

** After the entire series was completed, a recognition test was given in 
multiple choice forms. 
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Examples of the analysis of covariance are even less frequent in psy- 
chological literature than are examples of analysis of variance. One of 
the earliest illustrations of the covariance technique was in connection 
with the scoring of tests of perseveration (4). This personality trait 
is usually measured by noting the decrease in speed ‘of a given perfor- 
mance, e.g., making horizontal tallies, when the directions are alternated 
between making horizontal and vertical tallies. The drop in speed indi- 
cates the perseveration of the preceding tendency. Usually the absolute 
difference between the control and experimentally altered speeds is taken 
as a measure of perseveration. It is apparent, however, that absolute 
difference will not be comparable from individual to individual because 
it depends on the normal level of speed in the function being measured. 
In some instances the ratio of this difference to the control speed is uti- 
lized in the hope that percentage differences in speed will be comparable 
from individual to individual. Rangachar (29) suggested that the best 
measure of perseveration is obtained by taking the difference between the 
observed experimental speed and the speed predicted from the control 
level. This is a direct application of the covariance technique. 

Another instance in which the covariance technique might be useful 
is in connection with learning experiments involving control and experi- 
mental conditions when several measures of performance are available, 
such as trials, errors, and time. Instead of resorting to a priori weighting 
of these measures to obtain a total score, one of them (any one) can be 
selected as the index, and the observed measure compared with the meas- 
ure predicted from the control levels in all three factors. The discrepancy 
between observed and predicted scores indicates the influence of the ex- 
perimental factor. 

Snedecor (38) has applied this technique to the problem of determining 
the homogeneity of teachers’ marks. Struck by the difference between 
classes in their average attainment in mathematics, he set out to deter- 
mine whether these differences reflect variation in mathematical ability 
or whether they reflect differences in teachers’ judgments. It may be 
expected that the abler students will tend to have higher marks than the 
less able. Consequently, differences in marks between classes might well 
be laid to the influence of differences in initial ability. The two variables 
concerned were initial ability as determined by three preliminary tests, 
and the final mark in a mathematics course. Snedecor utilized the analy- 
sis of covariance technique to partial out the influence of initial level and 
discovered that differences between the classes still persist but are not 
nearly so marked asare the uncorrected differences. In short, the observed 
differences are due largely (but not entirely) to initial differences in 
ability and they are, in part at least, due also to differences in teachers’ 
judgments. 

Gaskill and Cox (17) have applied the method of analysis of covari- 
ance to studies of the influence of emotion on respiration. They investi- 
gated two variables: (1) the frequency of breathing (number of respira- 
tions per second), and (2) the number of atypical breaths per period under 
four experimental conditions. These were: (a) rest, (b) story read with 
abrupt and surprising ending, (c) crucial fear stimuli presented, and (d) 
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projection of various types of moving picture films. The problem may be 
stated as follows: ‘‘We want to know if the frequency of breathing has an 
influence upon the number of atypical breaths. If so, is the relationship 
the same under various emotional conditions?”’ It was found that the 
correlation between the two factors, frequency of breathing and number 
of atypical breaths, was only .003 for the entire set of experiments, but 
it varied considerably from experiment to experiment, The variance of 
the number of atypical breaths per period was analyzed after eliminating 
its relationship to the frequency of breaths. The adjusted variances 
showed a significant result for the inter-regression effect and for the inter- 
condition effect. Apparently each experiment produces a different effect 
on the number of atypical breaths even when frequency of breaths is kept 
constant. 


The techniques of variance and covariance are applicable not 
only to experimentally controlled laboratory data such as those 
described previously, but they may also be applied under certain 
conditions to data over which the experimenter does not have 
complete control. One example of this is the twin study in which 
the experimental factors are predetermined and the task of the 

erimenter is observation rather than manipulation of experi- 

tal factors. 
r example, Jackson (21) analyzed Wingfield’s (46) data on resem- 
of fraternal twins (unlike-sex pairs) in intelligence. In order to 
e the differential effect of chronological age, the mental age scores 
adjusted for chronological age. Results indicated that when the 
nee of chronological age is removed, the between-pair variance in 
| age is no greater than the within-pair variance for pairs of twins 
same age. Therefore, the differences between twins are no greater 
than are the differences within twin pairs. 
veral related or cognate methods, utilized frequently, must 
be clearly differentiated from analysis of variance and covariance. 
If scores on two forms of a test are available for each individual in 
two contrasted groups, two possible questions may be put to the 
data. The first concerns itself with the reliability of the test as a 
whole and its differential reliability in the two contrasted groups. 
The second concerns itself with discovering whether the gain from 
the first to the second test is different in the two contrasted groups. 
The first of these problems is a simple analysis of variance problem 
(p. 235) while the second calls for an analysis of covariance. Thus, 
the same data can be treated in different ways depending upon the 
purpose of the experiment. 

A sharp distinction should be drawn between factorial analysis 

as carried on through the technique of analysis of variance and 
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covariance, and factor analysis as carried on through techniques 
which deal with correlational matrixes. Both of these procedures 
attempt to resolve a total variance into its components. The sim- 
plest distinction to be noted is that in analysis of variance, only 
one variable enters and is distributed according to various inde- 
pendent criteria; and the purpose of the analysis is to see how each 
independent classification criterion is related to the basic variable. 
In factor analysis, on the other hand, there are always several 
mutually dependent variables, and the purpose of the analysis is 
to determine underlying independent components that may repro- 
duce the observed intercorrelations. Thus, the two methods are 
in a sense diametrically opposed, the first beginning with inde- 
pendent classification criteria, and the latter ending with independ- 
ent factors. Since analysis of covariance reduces to analysis of 
variance in which several factors are held constant, the above 
statement holds equally true of covariance analysis. If we suspect 
that several factors may influence the outcome of a given experi- 
ment and can identify these factors beforehand, we can determine 
by means of analysis of variance whether the several factors ac- 
tually influence the outcome. We can also determine whether a 
given combination of these factors has a differential effect (inter- 
action) on the outcome. This situation is one which usually occurs 
in the laboratory where we can manipulate our factors to suit the 
experimental demands. When we do not know the factors that 
influence the outcome of an experiment, or when we know them 
but cannot control them experimentally, we can resort to factor 
analysis. Such situations are found in new research areas where 
little previous work has been done and there are many inter- 
related variables present. It is simpler in such cases to classify 
these variables into coherent groups by means of factor analysis, 
and in this way get some insight into the network of underlying 
relationships. Another way of distinguishing between the two 
techniques is to note that factor analysis deals with the differences 
between sets of tests for a given group of individuals, while 
variance analysis deals with differences in our tests between groups 
of individuals classified according to different sets of classification 
criteria. 

We may close our discussion by summarizing those require- 
ments which our data must satisfy before analysis of variance and 
covariance are suitable procedures. First, the individual measures 
or cases that fall into each category of the classification criteria 
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must be unselected. In order to determine whether any selection 
has taken place, the variances of each row and each column in the 
classification criteria must be approximately equal and whatever 
differences are found to exist should be attributable to random 
variation. Secondly, distributions obtained from several indi- 
viduals, in which each individual’s score enters more than once, 
should not be treated as independent data, since the scores of the 
same individuals are usually correlated. Variability within such 
data must be separated into two parts: inter-individual and intra- 
individual variance. Thirdly, the classification criteria must be 
independent. For example, if intelligence test data are classified by 
race and by region, the resulting table will not be amenable directly 
to the analysis of variance techniques because there is definite 
association between the proportion of Negroes and regional dis- 
tribution of the population. An estimation of error derived from 
such analysis will be swelled by this correlation and any conclusion 
based on the analysis, although erring on the conservative side 
will not lead to conclusive results. Fourthly, the basic variable 
under examination must have a normal distribution in the popula- 
tion from which the sample is drawn. Fifthly, for analysis of co- 
variance, the correlations must be linear. 
lhe extent to which deviation from these requirements affects 
the results of the analysis have been examined by Pearson (28), 
who concluded that even when some of the above requirements 
are not rigorously adhered to, the results of the analysis may still 
be meaningful. The degree of deviation from the prescribed require- 
ments which would nullify the conclusion based on the analysis is 
still to be determined. 
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Personnel research in the Army, like that in any specialized 
field, has its own special characteristics. Military organizations 
and conditions differ markedly from civilian groups and situa- 

1s; consequently the methods used in any military activity are 

bject to factors affecting to a marked degree the work which is 
These factors operate in two ways: by creating possibilities 
nerally not found in personnel research and by imposing limita- 
which must be taken into consideration in every under- 
ng. The purpose of this article is to afford some insight into 
ramework within which studues are conducted, including both 
bilities and limitations. This furnishes a background for 
standing better the reports of specific studies carried on by 
ersonnel Research Section to be reported subsequently. 
spite of the great advances made in military personnel prac- 
tices during the last war, it can hardly be said that any well- 
defined body of content or procedures existed when the present 
war began. Little scientific work in Army testing was done be- 
tween the two wars, whereas other aspects of the field of applied 
psychology advanced conspicuously. This made it impossible to 
begin where Army personnel work had stopped in 1918. The prog- 
ress made during the last war and advances made in related fields 
since were used as the basis for beginning to study the new person- 
nel problems of this war. Leaning heavily on recent developments 
in psychology, the Personnel Research Section has adapted those 
which are applicable to the new situation. A new group of workers 
has had to become familiar with military practices, for the Army 


* The title of the Branch has been changed during the past month from Classi- 
fication and Enlisted Replacement Branch since it has been given responsibility 
lor the replacement of officers as well as of enlisted men. 
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did not employ any psychologists until the enlargement of our 
armed forces began in 1940. The fact that testing and classifica- 
tion work are now combined in The Adjutant General’s Office has 
made possible a more integrated approach to Army personnel 
problems, and a new phase of applied psychology is being in- 
tensively developed. 

The Personnel Research Section came into being because it was 
essential to the winning of the war. It was not set up to carry on 
research for its own sake. Rathe,, research is carried on as a 
service to the War Department, and every problem that is studied 
is born of a real and urgent need. Only those problems directly 
related to the war effort can be investigated. This vitalizes the 
entire program. Freedom and human lives, not theories, are at 
stake. The reality of the problems, the necessity for action, the 
consequences that are involved, the magnitude of the enterprise, 
all give quality to the work that cannot be dissociated from the 
results obtained. In the following sections are discussed some of 
the problems affecting personnel research in the Army. 

Size of the Army. The most obvious influencing factor is that 
of sheer size. The Army is engaged in the largest personnel pro- 
gram in the history of the country, perhaps of the world, and size 
brings its own peculiar type of possibilities and difficulties. A 
partial idea of the Army’s size, and its attendant problems, may 
be gained from imagining the situation that would result if all the 
colleges and universities in the country were brought under one 
centralized administrative head. Even then, the resulting organi- 
zation would be less than one-third as large as the Army will be at 
its maximum. In addition, the personnel policies in a university 
affect the lives of students to only a fraction of the extent that the 
Army’s personnel policies affect the lives of soldiers. 

To speak of the sample on which research is being conducted 
in the Army is hardly accurate. It would be more proper to refer 
to it as a population, for with few exceptions data are being col- 
lected on all males between the ages of 18 and 38 eligible for mili- 
tary service. The number will be far greater than in the last war. 
In 1917-18 the Army attained a size of only about three million 
in comparison to the seven or eight million man Army now being 
built. Furthermore, data will be available on all the men that are 
being inducted now. In contrast, during the last war data were 
available on less than half the men, since the psychological meas- 
ures were not ready for administration until long after our country 
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had entered the conflict. Number, in and of itself, means little but 
it has certain advantages. It makes possible an accurate check on 
the reliability of all the measures which are devised and permits 
the comparison of men from varying geographical areas to a degree 
never before possible. It has also necessitated the development of 
personnel procedures adapted to large groups which may serve 
many useful purposes in the future. A by-product of the size of the 
Army is the fact that at any one time large samples of almost any 
description are available. For example, there are always a large 
number of men being inducted, another group finishing basic 
training, another beginning officer training. Data with reference 
to a particular measure can thus be collected with great speed, 
and the results of any research can be put into practice with the 
same rapidity. 

With the formation of the Women’s Army Auxiliary Corps, 
data are also being collected on women. Thus an entirely new area 
of research is being opened. The number of women which it is 
lanned to induct into the Auxiliary Corps indicates that the size 
of the sample should be adequate for obtaining significant results. 

Diversity of Problems. The highly specialized nature of the 
esent war has necessitated research on a variety of problems per- 
haps never before equalled in one organization. In this respect the 
size of the Army has been a definite spur to the construction of 
precise measuring instruments. Correct placement has become an 
urgent necessity in order that an organization the size of the Army 
can function at its necessary efficiency. 

Mention of a few of the problems will give some indication of 
their diversity and scope. The fundamental job was the construc- 
tion of tests to give an index of ability to learn, for general classifi- 
ation of all men inducted into the Army. The Army General 
Classification Test now serves that purpose. For those men who 
neither speak nor write English or who are illiterate, a Visual 
Classification Test was devised. 

The many specialized jobs necessary in the Army have led to 
the construction of tests in a variety of different fields, such as 
those for radiotelegraph operators and truck drivers. In order that 
men with trade backgrounds can be correctly selected and placed, 
and given the training they need, trade knowledge and aptitude 
tests have been devised. For various occupations, educational 
achievement tests were necessary. The selection of officer candi- 
dates has brought about research on leadership and a large number 
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of tests have been built for the selection of warrant officers. In- 
terrelated with the construction of tests is the work on occupational 
analysis, carried on as part of the duties of the Classification and 
Replacement Branch. Military occupations in all arms and 
services are analyzed, and data are calculated and kept on the 
occurrences of and requirements for all military specialists. 

Time Available. The pressure of time pervades every problem 
and solution. This has often been called a war against time as 
much as against the enemy. Time saved—or lost—is measurable 
in terms of human life and national security, rather than as educa- 
tional or industrial efficiency. All training programs are tightly 
planned. Every moment is given over to teaching enlisted men and 
officers knowledge and skills which will be of use in combat. There 
is no time allotted to research as such, and each interruption for 
the purpose of collecting data breaks into the schedule far more 
seriously than it would in education or industry. Taking a morning 
or an afternoon for the administration of a test dislocates the 
training program. It may mean that the soldiers in that group miss 
instruction of considerable importance. Because of this, the ad- 
ministration of tests not called for in the regular routine generally 
takes place in the evening after the day’s duties are done. 

Chemical and physical research differ from personnel experi- 
mentation and research in that they can proceed largely without 
disrupting training schedules. In personnel studies large amounts 
of soldiers’ time are necessarily involved, and time is of first im- 
portance. There are situations in which even a few hours taken 
from a training program to collect data not immediately useful to 
the training officer may appear to be time ill-spent when viewed 
only in terms of the situation at hand. The proper authorities 
must be convinced that the present sacrifice will pay dividends in 
the near future. In research programs carried on over a long period 
of time, such difficulties are multiplied. However, these are not 
insurmountable. Data for the study of any problem can always 
be collected even though training programs are interrupted. This 
is, however, a factor that must be taken into consideration in the 
gathering of data. 

Army Organization. For purposes of research, military organi- 
zation has many advantages. The uniformity which exists in 
Army installations makes possible the collection of comparable 
data from many sources. Once the necessity for obtaining certain 
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data is apparent, a directive sent to the field is assured of com- 
pliance. One can be certain that the same records are kept on a 
soldier in Maine as on one in Montana, and that information on 
both is equally accessible. 

A complete record of the Army experience of every soldier is 
kept on the Qualification Card. All test scores, course grades, and 
assignments are recorded. In addition, considerable material on a 
man’s civilian experience is collected when he is inducted. A 
wealth of data is thus available for every subject in a study, mak- 
ing possible the investigation of relationships seldom possible in 
other situations. 

Selecting and Maintaining Samples. The system of quotas that 
exists in the Army has a direct effect on the quality of the samples 

studies. Based on the needs of the various arms and services, 
iotas are set up over certain periods. It may be that because of 
nminent military operations a large number of men will be needed 
in the Engineer Corps. When that is the case, the quota is filled 
from the men who are then being inducted. Naturally, because of 
this system, some misplacements result. This may mean only that 
a man is placed in the field of his second rather than his first choice, 
ind reassignment of men incorrectly placed is made during the 
first few months of training. The assignment of men where needed 


is, however, an understandable military necessity. Within the 
number of men referred to above who are classified for training in 
the Engineer Corps, certain other quotas are set; that is, a specified 
number must be trained as officers and others must be trained as 


specialists (in demolition, bridge building, etc.) to provide the 
skills needed in the projected operations. If the quotas for the 
Engineer Corps are high over a period of time, the average caliber 
of the men assigned to the engineers will probably drop; and, when 
men already in the Corps are assigned to specialist training, it is 
likely that as quotas are increased more men of low ability will 
have to be selected for that training. Thus, the populations of two 
groups in the same type of training may be quite different. 

As can be gathered from the above, there is frequently a con- 
flict between the quality of men wanted for a certain type of train- 
ing or position and the men who are available. In such cases a 
sacrifice of one or the other is made. Either men of lower aptitude 
are accepted and given all the training possible in the available 
time, or fewer men are taken than originally requested and no 


change made in the training standards. In general, only men in 
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grades I, II, and III on the Army General Classification Test* are 
selected for specialist training, and men in grades IV and V supply 
the bulk of the basic soldiers. There are exceptions to this, how- 
ever. If the civilian experience of a man is one that is needed in the 
Army, he is placed in that job regardless of his Army grade. Ifa 
man has made a high score on an aptitude test, his chances of 
being selected for that type of training are high regardless of his 
grade in the General Classification Test. 

The effect of the quota system on populations in studies is 
often considerable. Over a period of time, classes in a particular 
subject vary widely with regard to certain measures. For example, 
in one training school the mean scores of five classes on a code 
learning test varied from 38 to 52, with no group including less 
than 100 cases, the standard deviations for all groups varying 
within four points, from 18 to 22. In another instance, a group of 
infantrymen being trained as radio operators had attended school 
an average of 10.65 years, with a standard deviation of 2.65 years; 
a group of airmen at another camp, also being taught code, had 
attended school an average of 12.54 years, with a standard of only 
1.68 years. Examples such as these could be multiplied to illustrate 
the difficulties of procuring samples which are unselected and the 
caution which should be used in comparing results from one group 
to another. Unselected samples are obtainable at Reception 
Centers for, with few exceptions, all men going into the Army pass 
through these. For research on general measures, the men going 
through the Reception Centers are used. The problem, however, 
of securing an unselected sample for validation of measures in re- 
lation to training is frequently a difficult one. 

Determining Validity Criteria. Perhaps the most acute diff- 
culty of all is that of securing adequate validity criteria on the 
tests which are constructed. This problem is not unique nor limited 
to the Army. The ultimate criterion for all military tests is the be- 
havior of soldiers in the jobs for which they are trained, namely, 
success in combat. Validation data of this sort have, to date, been 
impossible to collect, as the Section has been limited in its work to 
the continental United States. Even if arrangements were made 
for the evaluation of soldiers in combat with respect to their special 
jobs, the problems of collecting such data would be enormous and 


* The Army General Classification Test is given to all men entering the Service. 
On the basis of score, each man is given an Army Grade. These range from I to V, 


I being high. 
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the control of conditions exceedingly difficult. However, a project 
of that sort is not out of the question, and it is hoped that work of 
that nature may be undertaken in the near future. 

In the absence of final validity criteria, others must be used. 
In some instances these criteria are easy to secure and relatively 
satisfactory. For radiotelegraph operators, the number of words 
per minute which a man can send or receive in code is definite, 
readily obtainable, and highly valid in terms of instruction in a 
communications course. Whether or not the performance of a 
soldier in sending and receiving code would be altered much by 
combat conditions cannot at present be determined. In radiotele- 
graph courses, much of the instruction is concerned with non-code 
material. Here adequate validity criteria are more difficult to 
secure, and grades given by instructors are used. As is true with 
course grades in any situation, their validity is often questionable. 

Another common practice in Army instruction is to pass all, 
or nearly all, the soldiers in some types of training. Although it is 
recognized that a wide variation in content learned or skills ac- 
quired may exist in a particular class after a course, practically no 
men are failed because it is felt that all have mastered certain 
fundamental concepts or techniques enabling them to meet situa- 
tions which will arise. Where this is the case, each man is given a 
passing grade or better in the course. By thus cutting off all the 
cases at the lower end of a distribution, the validity coefficients of 
a particular measure are substantially reduced. 

Field Personnel. Securing competent personnel for work in the 
field was, for a time, a difficult problem. Large numbers of trained 
men are needed, and not enough were being inducted to carry on 
the work in the many Army installations. Augmenting the prob- 
lem was the shortage of professionals in the Washington office, 
which made close supervision a virtual impossibility. There were, 
of course, many highly trained officers and enlisted men in charge 
of personnel work in the field, but it was also necessary to recruit 
additional men with less background for the work than was de- 
sired. However, The Adjutant General's Office has set up schools 
for officers, officer candidates, and enlisted men; and many thou- 
sands have already been given intensive training in personnel and 
classification work. Here again, the organization of the Army has 
been a distinct asset, for it has been possible to control the training 
which these men have received and to fit them for the positions 
which they will occupy. In addition to the schools, many of the 
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officers in the field have trained their own staffs. The quality of 
the field personnel is generally of high caliber, and they are doing 
effective and efficient work. 


SUMMARY 


Procedures in Army personnel research are determined by 
several factors, unique to the Army, which both open possibilities 
and impose limitations: the size of the Army, the wide variety of 
problems on which research is being carried forward, the pressure 
of time, Army organization, selecting and maintaining samples, 
determining validity criteria, and the building up and training of a 
competent field staff. A knowledge of these factors and how they 
operate is essential to an understanding of how personnel work is 
conducted in the Army and also of the results that are obtained. 





THE SPECIAL TRAINING UNITS OF THE ARMY 


BY MORTON A. SEIDENFELD 


Lt. Colonel, Adjutant General’s Department 


Generally when one thinks about training in the Army, there 
visualized columns of men in uniform, drilling with rifles or 
iartly marching down the field with heads held high and feet 
arply stamping out cadence with staccato clarity. Such a mental 
ire is oftentimes correct; yet to be completely accurate it 
ild include an occasional man who just cannot keep in step, 
} does not know ‘‘right’’ from “‘left,’’ or one who marches with a 
cided limp. 
Within the military services there are a sizeable number of men 
are moderately physically handicapped, some who are on the 
dull side mentally, and still others whose learning is retarded due 
ck of acquaintance with the English language. Such men, 
ever, are capable of giving a great deal of useful military serv- 
provided they are trained to execute the duties assigned to 
This means that each man in these categories must be given 
specialized form of training prior to, or concurrent with, their 
lar military instruction. Obviously such training requires 
time than normally allocated to basic military instruction 
the Army. This additional time for training and the special 


program of instruction is provided by the establishment of an 


ional program designed specifically for Special Training 
Units. Men assigned to such units, in addition and prior to regular 
training, take from eight to thirteen weeks special training during 
which half-time is devoted to academic instruction in the funda- 
mental subjects of reading, writing, and arithmetic, and the 
remaining half to instruction in the basic military subjects. 

In the case of men who are assigned to Special Training Units 
as a result of physical deficiencies only, the program of training is 
based upon the concept of teaching the man how to overcome his 
handicaps. Many men are able to perform ‘general service” in 
spite of physical limitations; others, however, are able to perform 
only a portion of the duties of a soldier, and are assigned to “limited 
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service.’ If a man cannot accomplish his duties at first, he is given 
necessary stamina-building exercises so that he can successfully 
meet such situations as may ordinarily be encountered in the as- 
signments for which he is considered physically qualified. Such a 
program is in actuality a buffer, affording the man adjusted to his 
civilian environment an opportunity to make the transition to 
military life without breaking his morale. 

Similarly, but using techniques appropriate to the problems in- 
volved, men who are in the slow learner group (mentally dull) are 
provided not only with the opportunity to be trained under con- 
ditions that are pitched at their capacity to acquire knowledge, but 
they are also given instruction by personnel who are especially 
qualified to teach men in this category. 

Those who are in the foreign-language group, who cannot read 
or write English to a degree which will satisfy Army requirements, 
are likewise taught the fundamentals of the language within the 
Special Training Unit. 

To accomplish this program, the War Department has de- 
veloped textbooks and instructional materials, including teachers’ 
guides and visual aids necessary to assist instructors. The Section 
of the Adjutant General’s Office concerned with adult elementary 
education in the military services is carrying on research to de- 
velop effective and rapid techniques. With training time relatively 
brief, all methods are pointed toward establishing maximum ef- 
ficiency in the learning process. The materials developed place 
particular emphasis on motivating the learner toward an eagerness 
to learn all he can as rapidly as possible. His academic learning is 
designed to tie in well with his military training so there will be no 
lost motion in carrying him from these subjects into the task of 
learning to be a soldier. 

The instructional staff at the various military installations 
having Special Training Units is composed of both officers and en- 
listed men. A very large proportion of this personnel has a back- 
ground of training in the field of Education augmented by teach- 
ing experience. Unfortunately, the problem is so large in scope that 
it has been difficult to secure a sufficient number of teachers with 
special training and experience. Many qualified teachers are ac- 
tively engaged in carrying on other instructional activities and 
cannot be assigned to this work. Accordingly a course of instruc- 
tion on Methods of Teaching in Special Training Units is now being 
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prepared for the field by The Army Institute, and a school is con- 
templated for teacher training of instructors in these units. 

The staff of officers and professional civilian personnel dealing 
with Special Training Units within the War Department has pro- 
duced a great deal of original instructional material in the form of 
textbooks, film strips, periodicals, and current event leaflets, as 
well as aids and guides for instructors. These materials are char- 
acterized largely by their freedom from rigid and static content. 
Every effort has been made to maintain an eclectic attitude so that 
teacher and student alike will be provided with ample opportunity 
to teach and learn in a manner most effective to their individual 
backgrounds. Much emphasis has been placed upon visual aids as 
a valuable auxiliary in training; auditory, visual, and kinaesthetic 
sensory mechanisms are used to the fullest extent to augment each 
other and to assure the learner of means that will be adapted to 
his particular learning pattern. Such an approach is essential in 
view of the limitations on the amount of time available for training. 
The evidence indicates that with present techniques about 95 per 
cent of all the men sent to special training successfully complete 
their instruction and go on to regular training. 

[Through the special training program, many thousands of men 
have already been made more useful in the Army; in fact, many 
men would have had to be discharged had it not been possible to 
bring them up to an acceptable training level through the efforts 
of officers and men carrying on this program in the field. 





THE MILITARY USE OF THE RAIL-WALKING TEST AS 
AN INDEX OF LOCOMOTOR COORDINATION 


BY S. ROY HEATH, JR. 
First Lieutenant, U.S.A., Personnel Consultant, Field Artillery Replacement Train- 
ing Center, Fort Bragg, N. C. 


Good muscular coordination is readily recognized among mili- 
tary men as a prerequisite for soldiers selected for tactical duty. 
The success with which the Rail-walking Test (1) scores dis- 
criminate between groups approved for tactical duty and those not 
approved reenforces the validity of the test as an index of loco- 
motor coordination. If a soldier fails to react smoothly and 
quickly in his physical movements, his presence as a member of a 
tactical team will be costly for both manpower and materiel. The 
poorly coordinated are better used for duty in the non-tactical 
sphere where less precision and speed of movement are required. 
Intelligence and emotional stability are also differentiating factors 
but motor coordination remains one of the most critical. 

The Rail-walking Test consists of walking three wooden rails 9 feet by 
4 inches, 9 feet by 2 inches, and 6 feet by 1 inch, of sufficient height to 
prevent contact of foot with floor. Each rail is graded in units of feet and 
is walked barefooted heel to toe by the subject three times. The raw score 
is the total number of feet walked without falling off. Because of the dif- 
ference in degree of difficulty of each rail the raw score for the three rails 
is weighted in a 1-2-4 ratio. Thus, the total possible score is (1 X27) 
plus (2 X27) plus (4X18), or 153 points. The test was standardized on 
1,013 troops selected from a non-special unit which could be regarded as 
an average cross section of the white male population of Army age. The 
mean Rail-walking score for this group was 130.73 points with a standard 
deviation of 19.63 points. 


Seventy-three soldiers selected at random from a group (not 
included in the normal standardization) who after initial training 
were Classified by the Army as “able to meet the minimum stand- 
ards for tactical units’’ were tested on the Rail-walking Test. The 
mean score for this group was 134.41 points with a standard devia- 
tion of 13.70 points. Noscore was below 94 points. Next 94 soldiers, 
selected at random, were tested from a group which was composed 


282 





PSYCHOLOGY AND THE WAR 283 


entirely of men found unsuitable by the Army for duty in tactical 
situations. The mean Rail-walking score was 86.06 points with a 
standard deviation of 32.80 points. Fifty-three cases, or more than 
50 per cent, fell below 94 points in score. 

In another situation the Rail-walking Test was administered to 
48 soldiers who were referred as problems of locomotor coordina- 
tion to the Special Training Unit at the Fort Bragg Field Artillery 
Replacement Training Center. The mean score for this group was 
68.98 points with a standard deviation of 35.60 points. Thirty- 
nine, or over 80 per cent, of the cases fell below 94 points. 

There are, however, several reservations which must be made 
in the gross use of the Rail-walking Test as an index of locomotor 
coordination. During training experience with problem soldiers 
in the Special Training Unit the author has observed that all 
persons with coordination problems do not necessarily have a low 
Rail-walking score. Awkwardness in the performance of a motor 
act is often due to poor comprehension of the task given to per- 
form; but after the intellectual counterpart of the motor act is 
learned, the resultant performance is quick and smooth. For 

le, a soldier with a high Rail-walking score (e.g., 135 points) 

low mental age (e.g., 9 years) will display in the first phase of 

ing much difficulty and awkwardness in performing a proper 

ibout face. But after he has learned to place his right toe 

1 and slightly to the left of the left heel, to place his weight 

left heel and right toe and to swing himself about to the 

right, the act will ever after be done gracefully. Yet the soldier 

well within normal limits of intelligence but with a low Rail-walk- 

ing score (e.g., 45 points) will in all probability never perform an 

about face with smoothness and proper timing in spite of much 

extra training and attention. There is also evidence that the emo- 
tional factor merits consideration. 

Another reservation in the general use of the test is the fact 
that it does not differentiate well at the upper levels of locomotor 
coordination. But qualitative observation of the test performance 
will aid in distinguishing those somewhat above average from those 
of superior coordination. The latter will hardly sway a bit, ap- 
pearing to control balance by slight movements of the ankles, 


while the former in order to make a perfect score must depend 


upon grosser movements of hips and arms to maintain equilibrium. 
Consideration is being paid to the possible refinement of the meas- 
urement of this performance by use of electric eye beams parallel 
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to the rails and set at distances from the rail varying according to 
the broad or slender build of the subject. The make and break of 
the beam and resultant recording may lend itself to measurement 
of amplitude and frequency of body sway as well as supplying in 
graphic form a permanent record of test performance. 

Finally the Rail-walking Test must not: be considered when 
fine differentiation is needed. Even though the reliability of the 
test upon immediate reexamination is high (r=.94+.01 for 100 
subjects of wide range of score), from actual observation of Army 
training a significant difference in score between individuals is 
closer to 20 points than to 5 or 10 points. To date the test has 
proved useful in the Army as a gross instrument in diagnosing 
awkwardness and predicting trainability. 
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Shortly after Pearl Harbor, when it became apparent that the 
Army would have to expand its numbers greatly, the writer con- 
sidered how best he might help to prepare undergraduate students 
with majors or minors in psychology to qualify for some form of 
psychological work in the Army. After some investigation of 
Army needs and available materials, a course in Army personnel 
neeting three hours a week for one semester was introduced at the 
beginning of the second semester of 1941-1942. It is being re- 
peated each semester of the current year. Some of the students 
who completed the course last year and who are now in Army 
personnel work have reported that this course helped to secure 
them their present assignments. 

In the belief that other psychologists may want to introduce a 
similar course, and because the materials are in some instances 
difficult to locate, the following outline of the course in Army 
Personnel Techniques is presented: 








l. Introduction. A brief consideration of the meaning of per- 
sonnel work, its objectives, obligations, and importance in con- 
temporary society. 


j 


II]. Historical Background. Personnel management in World 
S 2 













War I. The principal source for this topic will be found in The 

; Personnel System of the United States Army, published in 1919 by 
the Committee on Classification of Personnel in the Army (27), 
which unfortunately is now out of print. See also Yoakum and 
Yerkes, Army Mental Tests, 1920 (30). 

III. German Military Psychology. The transition from the 
previous topic to this one is made by way of Dodge’s prophetic 
statement written in 1919 (14): 

At the conclusion of our war work, two real dangers confront us, one 
military, the other, social. The military danger is that with the passing 
of the military crisis we shall stop our study of the mental factors in war. 

If some other country with more permanent policies should take up the 
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mental analyses where we have left them, and develop a real military 


psychology, they would have a military instrument vastly more effective 
than 42 cm. guns. 


The discussion of German military psychology is based pri- 
marily upon Farago’s monograph, German Psychological Warfare 
(15). See also the special number of the Psychological Bulletin, de- 
voted to Military Psychology (18). 

IV. Personnel Administration in the Army Today. The or- 
ganization of the Army and the agencies charged with formulating 
and administering personnel administration are briefly discussed. 
This section of the material is taken largely from Van Riper’s 
‘Personnel Administration in the United States Army” (29). See 
also The New Army of the United States, a publication of the War 
Department (26). For the role played by psychologists in the 
Armed Services, see the Journal of Consulting Psychology for Sept.- 
Oct., 1941 (20), and the “Psychology and the War Section”’ of the 
Psychological Bulletin (7). 

V. Interviewing: The Soldier's Qualification Card. The Soldier's 
Qualification Card (23) is the most important personnel record 
kept by the Army. It is a card about eight by eleven inches in size, 
both sides of which are used. Information concerning the soldier's 
family background, education, occupational experience, and other 
personal data are entered by an interviewer usually at a Reception 
Center. The scores of all tests administered in the Army are 
entered, and a tentative classification of the man is made by the 
Classification Specialist. The card is kept up to date by entering 
each change in the soldier's status. 

During this section of the course the students are instructed 
in interviewing techniques and the proper completion of the 
Soldier's Qualification Card. Each student is required to buy a 
copy of Army Regulations No. 615-25, Enlisted Men: Initial Clas- 
sification, dated July 31, 1942 (2); this pamphlet supersedes the 
one dated September 3, 1940. Facsimiles of the Soldier’s Qualifica- 
tion Card are found in the back. Reference copies of the Jmnter- 
viewer's Handbook (25) published by the Personnel Procedures . 
Section of the Adjutant General’s Office are available, but much 
of the material found therein has been included in the preceding 
pamphlet, AR 615-25. For women students who are contemplat- 
ing enlisting in the WAACs, there is a supplement to AR 615-25 
entitled Instructions for Women's Army Auxiliary Corps Initial 
Classification (3). 
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Optional materials are Army Regulations No. 605-90, Officer's 
and Warrant Officer's Classification dated May 21, 1942 (1); 
mimeographed copies of Officer’s and Warrant Officer's Qualifica- 
tion Card; and Bingham and Moore, How to Interview, 1941 (5). 

VI. Trade Tests. In this section the student is familiarized 
with trade tests, their construction, administration, scoring, inter- 
pretation and uses in the Army. The Manual of Oral Trade Tests 
(16) used by the United States Employment Service is not avail- 
able for distribution; but there are a number of trade tests repro- 
duced in Chapman, Trade Tests, 1921 (12), and in Thompson, 
Interview Aids and Trade Questions for Employment Offices, 1937, 
(28). Students are also referred to Stead and Shartle, Occupational 
Counseling Techniques, 1940 (22), regarding the construction of 
trade tests, and they practice administering and scoring a number 
of such tests. 

VII. Intelligence Tests. The Army General Classification Test 
is given to all soldiers. It is the most important single test used in 
the Army. Since the GCT cannot be discussed in class even if one 


should happen to be familiar with its contents, the Army Alpha is 
used as a substitute. The meaning of intelligence tests, their ad- 
ministration, scoring and interpretation, and their uses in the 
Army are discussed. Materials and references are: copies of Army 


Alpha; Yoakum and Yerkes, Army Mental Tests, 1920 (30); 
Memoirs of the National Academy of Sciences, Psychological Ex- 
amining in the Untted States Army, vol. 15, 1921 (19). 

VIII. Aptitude Tests. The two aptitude tests most frequently 
used by the Army are clerical and mechanical, although other 
special tests are used by the Army Air Forces, the Armored Force, 
and the Signal Corps. Since copies of these tests are strictly con- 
fidential, the Minnesota Clerical Ability Test and the Revised 
Minnesota Paper Formboard Test are used for class demonstra- 
tion. The following topics are discussed in relation to aptitude 
tests: construction, administration, scoring, norms, reliability, 
validity, relation of scores to other variables, and critical evalua- 
tions of representative aptitude tests. Each member of the class 
selects or is assigned a test (not always an aptitude test) on which 
he must write a term report covering the topics listed in the first 
paragraph of this section. Materials and references are: copies of 
the two Minnesota tests, and files of various aptitude tests: 
Bingham, Aptitudes and Aptitude Testing, 1937 (6); Buros, The 
Mental Measurements Yearbooks (8, 9, 10, and 11); Greene, Meas- 
urements of Human Behavior, 1941 (17). 
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IX. Classification. The primary purpose of interviewing and 
testing is to provide suitable material on which to base a judgment 
as to the best assignment for each man in the Army. Proper clas- 
sification is the crux of good personnel work and its importance 
cannot be over-emphasized. Materials and references are: the 720 
page Army Regulations, No. 615-26, entitled Enlisted Men: Index 
and Specifications for Civilian and Military Occupational Special- 
ists, and Occupational Specifications for Non-English Speaking Men, 
Iiliterates, and Men of Limited Mental Capacity, of September 15, 
1942 (4); the two-volume Dictionary of Occupational Tiiles pre- 
pared by the United States Employment Service (13); Army Regu- 
lations No. 605-90 (1), regarding classification of officers. 

X. Statistical Procedures. By using prepared statistical forms 
and adopting standard procedures for computing statistical con- 
stants, students learn to understand and compute the following: 
mean and standard deviation using grouped data, standard or z 
scores and percentile ranks, correlation using z scores, regression 
equations, standard error of estimate, and coefficient of alienation. 
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THE COMMITTEE ON FOOD HABITS 


BY MARGARET MEAD 
Division of Anthropology and Psychology, National Research Councl 


The Committee on Food Habits was established in 1940 under 
the Division of Anthropology and Psychology of the National Re- 
search Council and operates under a contract with the Nutrition 
Division of the Office of Defense Health and Welfare Services. It 
parallels the Food and Nutrition Board, which operates under the 
same contract, under the Division of Biology and Agriculture. The 
function of the Committee is to formulate recommendations to the 
Director of Nutrition upon problems relating to food habits en- 
countered in the coordination program of the Office of Defense 
Health and Welfare Services, and, where necessary to this end, to 
conduct studies and investigations and prepare reports upon such 
problems. 

During 1941, the Committee had no substantial funds and con- 
fined its operations to occasional meetings and to the organization 
of two large conferences in May and June (2). In February, 1942, 
under the chairmanship of Dr. Carl E. Guthe, a permanent office 
was established in the National Research Council, with Dr. 
Margaret Mead as Executive Secretary and with two technical 
assistants, Dr. Natalie Joffe and Mrs. Rhoda Metraux. 

The Committee on Food Habits is drawn mainly from anthro- 
pology, with single members representing the disciplines of medi- 
cine, nutrition, psychology, public health, and sociology. Members 
of the Committee are: Dr. Ruth Benedict, Dr. John M. Cooper, 
Dr. Allison Davis, Dr. J. K. Folsom, Mr. Lawrence K. Frank, 
Dr. Carl E. Guthe, Dr. Mark A. May, Dr. Nathan Sinai, Miss 
Mary E. Sweeny, Dr. Warren T. Vaughan, and Dr. W. Lloyd 
Warner. The Committee holds meetings at approximately two- 
month intervals, which include liaison sessions attended by the 
representatives of the various government bureaus and agencies 
whose interests in nutrition are coordinated by the Nutrition Di- 
vision of the Office of Defense Health and Welfare Services. Prob- 
lems of current importance are discussed, such as rationing, 


industrial feeding, and food and morale. 
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The Committee is officially charged with the task of providing 
expert opinions upon problems presented by the Nutrition Division 
and with the implicit obligation of developing and systematizing 
available scientific knowledge on the subject of food habits. During 
the past year the Committee has undertaken a variety of tasks: 


It is developing a systematic approach to the problem of food 

habits, with particular reference to food habits of the American people 
t the present time. 

2. On selected sub-cultural groups it prepares memoranda organized 
to express the point of view of the Committee, and it gives these memo- 
randa limited professional circulation (1, 4, 5, 6, 7, 18). 

Tests have been developed which can be used with school children 
in different parts of the country to reveal the characteristic food ideolo- 
gies of different age levels and of different economic, occupational, re- 
ligious and national bac rye groups. This work has been done by 

rofessor Kurt Lewin (9) and Mr. Alex Bavelas at the Child Develop- 

t Station, State U Raa: of Iowa, and the tests have been validated 

sample of some 2,300 school children in Cedar Rapids, Iowa. Ex- 

e background materials, including intensive interviewing and use 

iestionnaires, accompanied the construction of these tests. 

Controlled experiments (10) have been made in methods of in- 

ing food habits in real life situations at the State University of Iowa 

inder the direction of Mr. Earl L. Koos (8) with the sponsorship of 
University Medical College, Department of Public Health. In 
experiments, directed toward determining the relative usefulness of 
ock plan as compared with the utilization of natural “friendship” 
roups, it was demonstrated that friendship groups were v suitable for 
the dissemination of nutrition information—at least, among low income 
urban people of foreign background. 
A series of current reports has been compiled for administrative 
aling with American attitudes toward the nutrition program, meat 
.ges, rationing, hoarding, etc. These reports are based upon verba- 
tim materials collected by undergraduate and graduate students in at- 
titude sampling squads in cooperating universities and colleges, and 
analyzed by Mrs. Rhoda Metraux. The results have been supplemented 
in some cases by the researches of individual women psychologists, co- 
operating with the Committee through the Subcommittee on Services of 
Women Psychologists in the Emergency. In the analysis of the verbatim 
materials there have been two methodological innovations: (a) a method 
by which groups of students in the universities throughout the country 
could make a definite contribution to the war effort, and (b) a new method 
of analysis summarized in a graphic presentation, in a form suitable for 
administrative use, of the structure of the attitudes revealed in the ver- 
batim materials. This method is based upon the anthropological assum p- 
tions that culture is systematic, and that by relating the regularities in 
responses of different groups all over the country, reliable clues to Ameri- 
can attitudes may be found which are of a different order from those ob- 
tained by opinion sampling. A summary of these studies (16) is available 
lor limited distribution. 
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6. The Committee has sponsored long-time research, aided by grants 
from private institutions, which contribute to our understanding of food 
habits. Two such projects are now under way: (a) a study concerning the 
psychosomatic mechanisms in obesity and allergy in childhood and atti- 
tudes involved in children’s changing food habits, conducted by Dr. 
Hilda Bruch at The Johns Hopkins University, and (b) a study of the 
influence on food habits of different containers, by Professor Kurt Lewin 
of the State University of Iowa. 

7. The Committee has sponsored and assisted in the compilation of 
pieces of voluntary research undertaken by graduate students on subjects 
immediately relevant to the wartime nutrition program (3, 17). 

8. It has served as a clearing house for food-habits projects, both in 
government agencies and throughout the country. 

9. It has provided consultation and collaboration for those conducting 


research on food habits. 
10. Through its Executive Secretary the Committee has been called 


upon for materials for current publications bearing on food habits (11, 
12, 13), and for addresses at scientific meetings on the relationship be- 
tween food-habit research and current problems (14, 15). 


In research the Committee is interested in experiments and 
studies of: (1) the content of food habits of special groups in the 
population, by locality, age, sex, national background, or race; 
(2) the motivations involved in food habits and any attempts to 
use these motivations for change; (3) different methods of chang- 
ing food habits and methods of evaluating these experiments; 
(4) conditions involving food habits, e. g., asthma, diabetes, obesity, 
anorexia nervosa; (5) feeding problems and integration of eating 
habits with personality attitudes; (6) nutritional status as cor- 
related with social or psychological factors such as education, 
socio-economic status, occupation, etc.; (7) the relationship be- 
tween the emerging food problems connected with hoarding, fear 
of rationing, and rising prices and general morale; (8) techniques 
which have proved efficacious in introducing nutritional knowledge 
into community or agency programs; (9) the relationship of idio- 
syncratic physiological status to food choice; (10) experiences with 
reference to group feeding, school lunches, emergencies such as 
fire or flood, soup kitchens during the depression, etc.; (11) the 
relationship between food habits and other habits such as punc- 
tuality, use of time, etc.; (12) the way in which giving or with- 
holding of food is used as a sanction in bringing up children; (13) 
the role of the nutritionist or home economist in different types of 
community program; and (14) changes in food habits as they pro- 
vide leverage for other types of social change. 
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THE ATTITUDES OF YOUTHS OF HIGH SCHOOL AGE 
TOWARD THE WAR 


BY MANDEL SHERMAN 


University of Chicago 


During June and July, 1942, a study was made of the attitudes 
toward our war effort of 7,000 Chicago youths of high school age. 
The attitudes were obtained from English themes of 6,500 youths 
and from personal interviews with 500 other youths, the majority 
of whom were not attending high school. 

The themes were written during the regular English periods at 
the direction of the regular teachers. The subject of the themes 
was ‘‘How the War Affects Me.’’ No other instructions were given 
to these students, and they were asked to write as rapidly and as 
fully as possible. It was felt that the attitudes of these students 
would be expressed more freely if they wrote as a regular class as- 
signment, as compared with writing or talking about them in some 
other situation. 

It is obvious that it is difficult to obtain the attitudes of youths 
or adults because of various defensive reactions and because rap- 
port between the interviewer and the interviewee is difficult to 
establish. A common method of discovering attitudes towards 
public problems is to ask direct questions. Usually, however, per- 
sons who are interviewed are quite guarded in their responses, and 
are likely to give answers which they believe are expected of them. 
Furthermore, it is exceedingly difficult to anticipate the problems 
involved in shaping the attitudes of an individual, and thus the 
ordinary questionnaire is not effective in obtaining the attitudes of 
the majority of those interviewed. 

The title “‘How the War Affects Me’’ was chosen in order to 
avoid specific questioning on any one item or element relating to 
the war. As was expected, the subjects wrote on a variety of topics, 
often unrelated to the effects of the war upon themselves. The 
most serious drawback to this method of investigating the attitudes 
towards the war was the variation in the length of the themes which 
these students wrote for their teachers. Some students wrote three 
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to four pages, whereas others wrote a page, and a small number 
wrote as little as a half page. It is also possible that the introduc- 
tion of the topic was too sudden and that preparation for the writ- 
ing of the theme might have influenced many of the students to 
write longer papers. These undesirable elements were compensated 
for, however, by the neutral attitude of the teacher and the fact 
that the students expected that they would be judged mainly on 
their ability in writing the theme.' 

The papers of these students were read by three persons in 
addition to the investigator. Before ratings were made, discussions 
were held regarding the purposes of the study, and samples of the 
papers were read aloud in order that there should be mutual agree- 
ment upon the various ideas expressed in the papers. Each judge 
then placed the papers he read in one of seven groups. A sampling 
was taken of each of these groups and the following classifications 
of the general attitudes of these subjects were made: 


Direct antagonism to the war, including criticism of the govern- 


ment, of the war effort, and of the reasons for the war (more emotional 
and general than classification 2). 5 per cent. 

\ critical attitude towards the war and towards the government, 
including criticism of the war and how the war is handled, criticism of 


rationing, etc. 6 per cent. 

Indifference. In this category statements were made that the war 
‘‘perhaps could not be avoided,”’ or “since we are in the war, we might as 
well go through with it.’’ 21 per cent. 

t. Confusion, where the youth states that the whole war is a sort 
of a mystery and he does not know what to think. Often statements 
are made that perhaps it might be all right to have a war because people 
will learn how to save. 12 per cent. 

5. Mildly favorable attitude towards the war, but critical of specific 
elements. For example, one boy stated that there is no reason for taking 
young people, that older persons should go. Another boy said that they 
are going to draft his father and there is no reason why his family should 
be penalized because the nation goes to war. 9 per cent. 

6. A favorable attitude towards the war with the statement that he 
will try to help as much as possible, for example, by selling stamps, or by 
becoming a nurse or an airplane pilot. 26 per cent. 


‘In discussing this research project with several colleagues, they pointed out 
that when the students were expected to write on ‘How the War Affects Me” they 
might have thought in adverse terms. In other words, they may have interpreted 
the question to mean that they must write on the adverse effects of the war, rather 
than on their true attitudes. As will be shown in this paper, this is a possibility 
but not a probability because of the different reactions of these students and the 
fact that such a large number of subjects did not make any mention of the adverse 
effects of the war upon them. 
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7. A strong favorable attitude with, perhaps, statements that we 
should have gotten in earlier and with parallel vindictiveness against the 
enemy. 21 per cent. 


Those who were against the war effort (classification 1) and 
who were 5% of the total group, frequently not only expressed an 
attitude that the Germans or Italians were justified in their aims, 
but also expressed an antagonism towards the President’s policies. 


Nineteen per cent of these youths stated that the Germans were forced 
to fight, and of these, over 90 per cent also expressed the attitude that the 
policies of this government resulted in our getting into the war. Thirty- 
five per cent of those who stated the Germans were justified in beginning 
the war also stated that we were responsible for our participation in the 
war by goading the Japanese to attack Pearl Harbor, or by conniving to 
get us into the war in order to profit special persons. The following ex- 
cerpts from the papers of these youths are examples of their antagonistic 
attitudes: 

“T think this was brought upon us because we did not know how to 
conduct ourselves with other nations. People say our enemies were 
aggressors, but we were aggressors also.”’ 

“If I were the President, I would never have sent so much material 
to England so that we now have to fight for England. I am not excusing 
Germany or Japan, but we could have made friends with everybody.” 

“War is a terrible thing and we should have done everything to stay 
out of it. Maybe Germany was taking advantage of us, but other coun- 
tries have also taken advantage of us.” 

“T am as patriotic as anyone, but I believe that I am honest when I 
say that the President and the men around him goaded Japan to attack 
us. This gave him an excuse to get into the World War.” 


Those youths who were critical towards the war effort but did 
not show direct antagonism (classification 2), who were 6% of the 
total group, most frequently expressed the belief that this war is 
wrong because it will solve nothing and that we would not have 
gotten into the war had we conducted ourselves differently. They 
believe that there will be a serious depression after the war. There- 
fore, the war not only would not solve anything but would also 
leave us worse off than ever before. Thus these youths not only 
criticized the government, but expressed resentment against 
present and future deprivations. 

Approximately 10 per cent of these subjects stated that the treaty 
after the last war was the direct cause of this war. The following are ex- 
amples of the statements made and the items mentioned by students 


whose attitudes were placed in classification 2: 

‘I think the war was uncalled for in the first place, but I suppose we 
will have to go through with it since we are in it. When I read in the paper 
that they have so much sugar in the warehouses that they don’t know 
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what to do with it and to think of all the millions of dollars the Govern- 
ment spent for it, it makes things look fishy.”’ 

‘‘Maybe the war is all right because we had to get into it sometime, but 
we should not get in too good with Russia. They are also the kind of 
people you cannot trust.”’ 

“T really don’t think we should have gotten into the war in the first 
place. Maybe we will come out of it all right and maybe not, but I am 
not sure.” 

“This war is not going to do us much good even though we are sup- 
posed to be fighting for democracy. As far as shipping materials and guns 
and food across the sea, that is all right, but I think everything we ship 


them should be paid for right away.” 












The statements of the youths which showed an indifferent at- 
titude were placed in classification 3 and constituted 21% of the 
total group. A large number of these stated that the war perhaps 
could not be avoided, or since we are in the war we might as well 
goon withit. They seemed to express a somewhat neutral attitude, 
with statements that the war will be a long one and there might be 
a depression after the war. 





7 


\bout 40 per cent of the attitudes in classification 3 included state- 
ments about deprivation, such as a depression after the war, their inabil- 


ity go to college, statements that there was no use saving money be- 
ca nflation would surely occur, and complaints that rationing is to be 
instituted because of shortages and also because the government wanted 
to make us war conscious. The following are brief excerpts to illustrate 
these attitudes: 


iis war doesn’t mean much to me except that we have to get along 


ess sugar and maybe other things. But we have everything at 





suppose we might as well get it over with because things might be 
it later.”’ 

















vhen a subject showed confusion regarding the war and its 
issi his attitudes were placed in classification 4. These con- 
stituted 12% of the total. 


out a fifth of these youths stated that the war is a mystery to them. 
Over 30 per cent stated that in spite of all that they read about the war 
they really did not know what we are fighting for. Over 50 per cent em- 
phasized their loyalty, but also emphasized their confusion about the 
war efiort. Approximately 20 per cent stated that they had talked with 
their parents or other boys and girls about what the war meant to them, 
and they had not made up their minds as yet. 


The 9% of the youths who showed a mildly favorable attitude 
towards the war effort neutralized, in some degree, by a variety of 


criticism were placed in classification 5. The attitudes were put 
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into this classification because they were definitely unsatisfied 
with one or more elements. 


For example, one eighteen-year-old stated that there was no reason for 
drafting young people, and another, that rationing was unnecessary. 
Thirty per cent of this group stated that the administration in Washing- 
ton was becoming dictatorial and was concerned more with its power than 
with winning the war. Approximately 10 per cent complained because 
there was too much censorship. Over 15 per cent stated that they were 
fairly sure that most of the navy was sunk but that the newspapers were 
not allowed to print the news. These youths in general said that they 
approved of the war but did not elaborate their statements. They merely 
stated that the dictators must be curbed, that war is inevitable in a world 
at war, that we were not quite smart enough to stay out of the war, but 
that we cannot expect to have supermen. Approximately 25 per cent of 
this group stated that they approved of the war principally because this 
conflict is so serious that people will learn to stay out of wars in the future, 
Not one of this group mentioned the seriousness of the possibility of losing 
the war, or the threat to us by the aggressors, nor did they mention any 
positive issues, such as the four freedoms or democracy. 


Those who showed a favorable attitude towards the war with- 
out specific criticism of various war efforts were classified in group 
6. Twenty-six per cent of the total number of subjects were thus 


classified. 

These individuals did not mention rationing except that approxi- 
mately 9 per cent complained about the attitudes of some people who are 
dissatisfied with rationing. Fully 50 per cent stated that we should have 
gotten into the war earlier and over 40 per cent stated that they felt sure 
that we will win the war. : 


The attitudes which were strongly favorable towards the war 
effort and which also included a vindictive attitude against the 
enemy were classified in group 7 and accounted for 21 per cent of 
the total. 

Attitudes regarding their personal deprivations were included 
in approximately 53 per cent of the responses of the youths who 
were not strongly in favor of the war. The most consistent feeling 
of deprivation revolved about rationing and about the depression. 
Thirty-two per cent of these youths believed that a depression 
would follow the war, and about 75 per cent believed that more and 
more rationing would occur quickly. Eight per cent believed that 
we are headed for Socialism and Communism. Only 25 per cent 
made specific mention of the outcome of the war. 

Of the youths whose attitudes were classified in the first four 
categories (44 per cent of the total), i.e., antagonism, critical atti- 
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tude towards the war, indifference, and confusion, 65 per cent 
expressed various fears regarding the war. Of these, 8 per cent ex- 
pressed the fear that the economic depression will be more serious 


than it ever has been previously; 10 per cent expressed the fear 
that everything would be ruined, that inflation would wipe out 
all savings and that no one will be able to get a job; 15 per cent 
stated that the suffering during and after the war will be intense; 
and. 32 per cent expressed a general fear about the killing going on 
in the war, and their fears of seeing wounded soldiers. 

When the contents of the students’ papers were analyzed, more 
verbalizations were found in the higher age groups. Students in the 
third and fourth year of high school also showed approximately 10 
per cent greater frequency of criticism either of the war or of 
governmental agencies than did younger students. The girls at 
every age group were more verbal than the boys and showed 
stronger attitudes either for or against the war effort, and in rela- 
tion to the criticism of given war activities. 


SUMMARY 


4 


Of 7,000 Chicago youths of high school age, who were studied 

respect to their attitudes toward the war, it was found that: 
5 per cent showed direct antagonism toward the war, 6 per cent 
had a critical attitude, 21 per cent were indifferent, 12 per cent 
were confused, 9 per cent were mildly favorable, 26 per cent were 
favorable, and 22 per cent were strongly favorable. 

2. In youths not strongly favorable toward the war, strong at- 
titudes with regard to deprivations were found in 53 per cent of 
the cases. 

3. In youths not favorable to the war in any degree, 65 per 
cent expressed various fears regarding the war. 

4. There was more verbalization and more criticism in the older 
youths. 

5. Girls were more verbal than boys and showed stronger atti- 
tudes. 








PSYCHOLOGY AND THE WAR: NOTES 


Women Psychologists and the Armed Services. Inquiries have been 
received from women psychologists as to the possibilities for psycholo- 
gical service within the Women’s Army Auxiliary Corps (WAAC); 
Women Appointed for Voluntary Emergency Service (WAVES); the 
Women’s Reserve of the Coast Guard (SPARS—semper paratus—always 
ready—motto of the Coast Guard), and the Marine Corps. Although it 
is not possible to give a definitive answer to this question, plans at head- 
quarters of these organizations suggest that the services of women psy- 
chologists can and will be used both among officers and enlisted personnel, 
Psychological training will be particularly useful with reference to prob- 
lems of allocation and placement of personnel. 

A wide range of activities is to be carried én by the members of the 
three major groups. A composite list of activities includes: 


*Accountants *Cooks *Photo Laboratory Tech- 


*Aircraft Specialists ##Dental Assistants nicians 
Electrical *Dietitians ##Printers 
Instrument *Draughtsmen *Radio Operators 
Power Plant *Drivers (automobile) *Radio Technicians 
Propeller *Electricians *Receptionists 

*Bakers #Glider Instructors *Secretaries 

##Hospital Assistants *Statisticians 


#Bandsmen 
*Stewardesses (mess ser- 


#Bookbinders #Instructors 
*Bookkeepers ##Laboratory Assistants geants) 
*Cashiers *Librarians *Store Managers 
#Classification Specialists *Link Trainer Instructors *Telegraph Operators 
*Clerks *Machinists *Telephone Operators 
General *Messengers *Teleprinters 
Commissary *Metal Workers *Teletype Operators 
File *Mimeograph Operators *Teletype Repairmen 
Library *Motion Picture Projec- *Typists 
Medical tionists ## Waitresses 
Postal ##Pharmacists *Weather Observers 
Record *Photographers #Woodworkers 
*Control Tower Operators 
All women who enroll in any of the services are urged to notify the 
Office of Psychological Personnel, 2101 Constitution Ave., Washington, 
D. C., immediately, giving full details. Insofar as possible steps will be 


* Common to all services 
# WAAC'’S only. 
## WAVES and SPARS only. 
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taken to facilitate their functioning as psychologists. Following is a brief 
summary of enlistment procedures and conditions of service and training. 

WAAC. The Women’s Auxiliary Army Corps is organized for non- 
combatant service with the Army, to take the places of men in non-com- 
batant positions and release them for front-line duty. Enrollment must 
be as an auxiliary. After four weeks of basic training, aptitude tests are 
administered to determine special fitness, after which further training at 
a specialist school may be indicated. The recent expansion of the Corps 
affords a wide range of opportunities for advancement of enrolled mem- 
bers, both as non-commissioned officers and through promotion to com- 
missioned rank. All officer candidates are selected from the ranks of 
enrolled members to attend Officer Candidate School. At the present 
time the officers in the Corps with previous experience in personnel work 
are being used in selection and placement duties. The length of service 
is for the duration, plus a period of not more than six months thereafter. 
An applicant must be a citizen between 21 and 45, who can submit satis- 
factory proof of date of birth and citizenship and two character references. 
She must be able to qualify physically and to pass a mental alertness 
test. Married women can serve if they have no financial dependents. The 
monthly pay of an enrolled member is: 


Auxiliary 50.00 
Auxiliary, Ist class 54.00 
Junior Leader 66 .00 
Leader 78.00 
Staff Leader 96 .00 
leachnical Leader 114.00 
First Leader 138. 


‘ers’ monthly pay is: 
Third Officer 
Second Officer 


First Officer 


rther details may be obtained from any United States Army Re- 
and Induction Station. 

WAVES and SPARS. The WAVES is an organization whose mem- 
bers replace Navy men at shore stations; the SPARS replace Coast 
Guard men at shore stations. Duties include all types of office work, jobs 
in radio, communications, storekeeping, and various special and technical 
positions. Basic training of enlisted personnel averages four monthsina 
training school at one of the selected colleges over the country. The term 
of enlistment is the duration, plus no more than six months. 

Enlisted WAVES or SPARS must be physically qualified citizens be- 
tween 20 and 35, with at least two years of high school or business school, 
able to furnish three character references. A married woman may enlist 
in the WAVES provided her husband is not in the Navy, in the SPARS 
if her husband is not in the Coast Guard. Officers must meet the same 
requirements, except that they may be from 20 to 49 years of age, must 
have a college degree or two years of college plus at least two years of 
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acceptable business or professional experience. Also, two years of mathe- 
matics in high school or college is required for the WAVES. All officer 
candidates receive preliminary training at Smith College. (Incidentally, 
the head of the SPARS is a woman psychologist, Lt. Commander Dorothy 
Stratton.) 


Monthly base pay of enlisted WAVES or SPARS is: 


Apprentice Seaman $ 50.00 
Seaman, Second Class 54.00 
Seaman, First Class 66 .00 
Petty Officer, Third Class 78.00 
Petty Officer, Second Class 96.00 
Petty Officer, First Class 114.00 
Chief Petty Officer, Acting Appointment 126.00 


Officers draw the same pay and allowance as men officers of equivalent 
rank in the Navy: 


150.00 plus allowances 


Ensign 
Lieutenant, Junior Grade 166.67 plus allowances 
Lieutenant, Senior Grade 200.00 plus allowances 


Additional information may be secured from any branch of the Office 
of Naval Officer Procurement: 


ts iS oo 55 0 kB RO Oe PUES 0 Ola tad eee Healy Building 


Baltimore, Md......... Richmond Market Armory, North Howard Street 
ee ES oe eee ere 601-609 Jackson Building 
ea OR. oes os cance pal Oded Pete oe he ee 150 Causeway Street 
Me oak os Se hee cs as OPS eae oss ee Liberty Bank Building 
Coens Br C, . care ted OA aie The Center, Marion Sq. 
CII soi cu Board of Trade Bldg., 141 West Jackson 

6th Floor, Marshall Building 


Cone Fe... so. si oeos er oe 
Columbia, S. C pe san eee University of South Carolina 


a ess. wa aan Reed ek wp ea ee 1530 Allen Building 
Dee: Bieies: Bes. es oes oo ake .2nd Floor, Old Post Office Building 
Detroit, Mich............ 9th Fl., Book Bldg., 1249 Washington Blvd. 
PN Tes sis 5 ings s HcCPRE OA oes sed 824 Niels Esperson Building 
indicate, Tad. «036s een FA ...429 North Pennsylvania Street 
Janisoaviiic, Fie... 86a eee 915 Lynch Bldg. 
Kansas City, Mo...............202 Finance Bldg., 1009 Baltimore Ave. 
Lon Aampoles, Call inc. 5 0:0 0s License +. 0cheyeutele ged eas 

TthAetey. esis 850 Lilac Terrace, U. S. Naval & Marine Corps Res. Armory 
ee eee Room 905, Langford Bldg., 121 S. E. 1st St. 
Minneapolis, Minn............4th Fl., Roanoke Bldg., 109 South 7th St. 
Nashville, Tenn............ Third National Bank Bldg., 3rd and Church 


© rere ee ee Louisiana Bldg., 217-227 Camp Street 
New: Nock. GY oa ois wsive divi adseses oe eee 33 Pine Street 
Pe Vii so: v's sin» one e nhs el 425 Federal Building 
Ciishoma Clev, Oldia... .ics:.). - dvtaaed codcn deemeoes Post Office Building 
Philadelphia, Pa........17th Fl., Widener Bldg., Juniper & Chestnut Sts. 


Keystone Hotel Bldg., 3rd Ave., & Wood Street 


Pisteburgh, Pa... . << 008 
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Igy ee eo ete oS wee Te 1233 American Bank Building 
Raleigh, N. C..... Fuck Eel North Carolina State College 
Richmond, Va.......2nd Fl., Chevrolet Parts Bldg., Norfolk & Altamont 
San Francisco, Calif. a aleipoebeeh Wess ees ....103 Market Street 
Seattle, Wash...... EBEEE: 5 gibi: ..117 Marion Street 
St. Louis, Mo..... 6th Fl., Missouri Pacific Bldg., 210 N. 13th St. 
Weeenatoe. BC... 5 0s 5 bn he ded coe ... 1320 G Street, N.W. 


Marine Corps. The Marine Corps has established a women’s reserve 
to be known simply as marines. Women between 20 and 50 are eligible 
as officer candidates, and between 20 and 36 as enlisted personnel. Ap- 
plicants for commissions must have a college degree, or two years of 
college and at least two years of business experience, or ‘‘special qualifi- 
cations in a particular field.’’ Enlisted women must have at least two 
vears of high school or business school, or special qualifications. Pay and 
rank are identical to that of men officers and enlisted personnel. Details 
can be obtained from any of the Offices of Naval Officer Procurement 


} 


listed above. 

Psychologists in War Work. During December, 1942, Dr. Walter S. 
Hunter, Chairman of the Department of Psychology at Brown Univer- 
sity, made a study of supply and demand with reference to psychological 
personnel, acting as a committee of one for the Emergency Committee in 
Psychology of the National Research Council. Certain aspects of the 
study are of general interest. 

[he National Roster of Scientific and Specialized Personnel, as of 
November 1, 1942, lists 2,927 and 991 women with master’s or doctor’s 
degrees in psychology, a total of 3,918 professional psychologists. The 
American Psychological Association and its affiliated societies, which con- 


tain practically all who have any claim to a professional status, include 
al ximately 3,850 individuals of whom about 1,000 are women. The 
total number of professional psychologists in this country, at a liberal 
estimate, does not exceed 3,000 men and 1,000 women. A more conserva- 
ti stimate is 2,500 men and 900 women. Of this total professional 
group, many are unavailable for service outside of their present positions 
because of present essential civilian war work, age, physical disability, 
economic factors, dependency, and the like. Of those actually available, 
many would need refresher courses and training on specific jobs before 


they could serve effectively. 

At the present time at least 25 per cent of the total pool of professional 
psychologists are serving as psychologists in the Army, the Navy, and the 
cwilian agencies of government. 


Registration with Office of Psychological Personnel. Both men and 
women psychologists interested in war work or other placement oppor- 
tunities should continue to register themselves with the Office of Psycho- 
logical Personnel. Names presented to various agencies are primarily 
those of psychologists who have indicated their availability. Psycholo- 
gists should also, of course, see to it that their names are on appropriate 
registers of the United States Civil Service Commission. 
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If employment, address, or Selective Service status changes at any 
time, both the Office of Psychological Personnel, and the National Roster 
of Scientific and Specialized Personnel should be notified immediately. 
The Office of Psychological Personnel is located in the National Research 
Council, 2101 Constitution Ave., Washington, D. C.; the National 
Roster is at 10th and ‘“‘U’”’ St. N.W., Washington, D. C. 


Committee on War Services to Children. The Committee on War 
Services to Children of the American Psychological Association is a con- 
tinuation of the Committee on Refugee Children which was appointed 
in 1940 with the following members: Dr. John E. Anderson, Dr. Gertrude 
Hildreth, Dr. Kathryn E, Maxfield, Dr. Catherine C. Miles, Dr. Robert 
T. Rock, Dr. Gladys C. Schwesinger, Dr. Mary M. Shirley, Dr. Frank K. 
Shuttleworth, Dr. Anna S. Starr, and Dr. Arthur T. Jersild, Chairman. 

The Committee has concerned itself with two lines of activity: direct 
psychological service in connection with war efforts in behalf of children, 
and research or fact-finding. The Committee has offered its services to 
various national and regional agencies. Members of the Association who 
are in contact with war work as it relates to children are invited to inform 
the Committee concerning their activities and to suggest ways in which 
the Committee might be most useful. 

On the research side, the Committee, through one of its members, is 
preparing, for publication in the Psychological Bulletin, a critical review 
of literature dealing with the impact of war on children. It is planned 
that further comprehensive surveys be prepared as occasion demands 
during and following the war. The Committee would appreciate word 
from psychologists who have studies under way or who know of studies 
that are in progress. 
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BOOK REVIEWS 


GRIFFITH, JOHN Q. & Farris, Epmonp J. The rat in laboratory investiga- 
tion. Philadelphia: Lippincott, 1942. Pp. xiv +488. 


Almost twenty years ago Dr. H. H. Donaldson, a member of the Wis- 
tar Institute, published his book, The Rat. That book was an almost 
indispensable reference book for anyone dealing with this animal in the 
laboratory. The present book, which bears many earmarks of the same 
Institute, is just as indispensable. The indispensability of the two books 
rests, however, upon different foundations. Dr. Donaldson’s book is 
largely a book of norms of growth and development of the rat while the 
present manual is concerned chiefly with techniques of handling and 
studying the animal. 

The raison d'etre of this manual is largely the tremendous use of the 
albino rat as a laboratory animal. No other species is so widely used. 
The rat is found in use in the laboratories of the physiologist, psychologist, 
biochemist, dietician, geneticist, and many more. It is probably safe to 
say that man knows more about the rat than he does about himself. It 
is one of the purposes of the thirty contributors to this book to describe 
the techniques by which this tremendous mass of information has been 
discovered. The value of the work is still further enhanced by the fact 
that many of these techniques may be applied to other animals as well. 

The first two chapters are concerned with the general problems of 
the handling, breeding, and maintenance of health in the colony. The 
methods and apparatus described are chiefly those used in the large 
colony of the Wistar Institute. The material in these chapters will 
probably impress most readers as a description of ideals to be sought 
rather than a picture of the usual rat colony. Few laboratories have ex- 
pended the money and care in the treatment of their rats that the Wistar 
Institute has. Nevertheless, the technician in even the most modest 
colony will find a number of very useful and practical suggestions. 

Chapter 3 is a highly condensed version of the large and elaborate 
book by the same author on the anatomy of the rat. In 23 pages all parts 
of the rat’s body are described in sufficient detail to serve as a foundation 
for much of the material that follows, particularly that concerned with 
surgical techniques. A number of drawings, several in colors, are used to 
indicate the main portions of the rat’s skeleton and the mutual relation- 
ships of these parts. 

Very little work has as yet been done with the rat embryo, but that 
it is feasible to do so within limits is indicated by a description of tried 
methods in Chapter 4. 

Probably more experiments with the rat as a subject have been done 
on dietary deficiencies and requirements than on any other one subject. 
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The rat, being omnivorous, reacts to most food substances in much the 
same way as the human being. This accounts in a large measure for the 
animal’s widespread use in diet laboratories. A large amount of this work 
has been summarized in Chapter 5. In the neighborhood of 60 different 
substances are discussed with reference to their role in the diet of the rat. 
The author refers to 269 journal articles. 

The reader might normally expect to find chapter 6, on the teeth of 
the rat, in the section on the anatomical material. However, because of 
the peculiar properties of the tooth, ‘it is a valuable biologic indicator 
which mirrors and records, during its development, the metabolic status 
of the animal. This record, unlike similar records in the bones, is not 
transitory but is permanently engraved upon the enamel and dentine in 
which resorption does not occur.”’ Therefore, an extensive discussiox: of 
the teeth is given with many diagrams and illustrations. Of particular 
interest is the description of the effect upon the teeth of various experi- 
mental factors such as diet, endocrine disturbances, etc. 

Chapter 7, on the digestive system, describes a number of surgical 
techniques and the purposes for which they may be used. The author 
feels that experimentation on the digestive system of the rat has not been 
as extensive as it might well be and that there are many unexplored 
potentialities. 

The metabolism of the rat is discussed in Chapter 8. Methods of 
measuring and factors affecting it are discussed. 

Various surgical techniques for the investigation of the central 
nervous system occupy the few pages in Chapter 9. 

By far the longest chapter in the book is the tenth, on ‘Technics for 
the Investigation of Psychological Phenomena in the Rat.” This is 
perhaps a reflection of the fact that the white rat has been traditionally 
associated with the psychological animal laboratory. The technics range 
all the way from those dealing with tropistic behavior to social reactions. 
As might be expected in this chapter, there is noted a great amount of 
disagreement about what a given technic does or does not do. Much of 
this revolves around the lack of a standard terminology. To a neurologist, 
the term cisternal puncture indicates a definite and well-defined operation, 
but in psychology many of the terms used have almost as many significants 
as there are psychologists. This condition is caused by a number of factors 
among which are: (1) the newness of the discipline; (2) the complexity 
of the subject matter; (3) the taking over of many terms from common 
usage; (4) the inclination of some animal psychologists to use laymen’s 
terms because of their attention-attracting value when applied to the 
animal. 

On the other hand, it is probable that the standardization of experi- 
mental techniques can never go as far in animal psychology as it has in 
many other fields. This is because the psychology of even the rat is in- 
comparably more complex than its digestive system, circulatory system, 
or any other part of its anatomy. Its psychology is the integration of all 
of these systems. ° 

Chapter 11, ‘“‘The Circulatory System,"’ describes methods of taking 
blood pressure, taking blood, inducing pathologic states, etc. 
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The rather limited use which has been made of the rat in the biologic 
assay of hormones is outlined in Chapter 12. 

On numerous occasions the reviewer has wished to have at his finger 
tips the information of Chapter 13. The greater part of the chapter is 
given over to a table showing the dosages and results of administration 
of a large number of drugs and chemicals. There are many factors which 
may help to determine the effects of a drug. Some of these are discussed 
and in the table the reference for each entry is given so the reader may 
refer to the original article for more details. 

Chapter 14 considers the technics of blood study and blood diseases. 
A very interesting discussion is that of blood groups in the rat. 

Chapter 15 is concerned with X-ray technic. The authors feel that 
the rat should be used more frequently in studies which require the mak- 
ing of roentgenograms because the size of the animals allows the use of 
portable and economical apparatus and small films. A number of inter- 
esting roentgenograms are reproduced. 

Detailed directions for doing a number of surgical operations on the 
rat are given in Chapter 16. Perhaps the most difficult of the operations 
described is that of hypophysectomy. About 23 technics in all are out- 
lined. 

Histologic technics as applied to rat tissue are not particularly differ- 
ent from those used for other mammals. However, a number of formulae 
and methods which have been successfully used with rat tissue are given 
in Chapter 17. 

The preparation of the skeleton for study is described in Chapter 18. 
Methods of chemical analysis are also indicated. 

A very short discussion of the eye of the rat makes up Chapter 19. 
Most eyes have a hyperopia of about 5 diopters. Cerebellar tumors may 
affect the venous picture of the fundus. 

Chapters 20 and 21 are concerned with animal parasites of the rat, 
the former with protozoa and the latter with metazoa. Some of these in- 
festations are of great medical importance because of their part in spread- 
ing certain human diseases. The majority are important, however, only 
from a general scientific point of view and in so far as they affect the 
health and comfort of the rat under laboratory conditions. 

The final chapter of the book will be of great interest to all who use 
rats for laboratory purposes. Nothing is quite so discouraging as having 
an infection wipe out a group of animals upon which a great deal of time 
and effort has been expended. This has happened once in the reviewer’s 
experience, when the disease was paratyphoid. Although so high a degree 
of virulence of this disease is rather rare, it is not at all uncommon to 
find individual cases of it in a colony. Another disease which is very com- 
mon and which often seriously incapacitates the animal even when it 
does not result in mortality is pneumonia. This is the disease which is 
often called ‘‘sniffles.”’ 

Cleanliness, adequate diet, plenty of fresh water, fairly constant tem- 


perature, and a sturdy stock will generally suffice to keep a colony 
healthy. 


The writer has tried to give the reader of this review a very brief 
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indication of the contents of this book. The names of the authors have 
been omitted to save space. Some chapters are written by several authors 
and the same author may appear at several different places in the book. 
One has the impression as he studies the material that each author is 
writing on a subject with which he is thoroughly familiar. Documentation 
is very adequate. 

The mechanics of the book are excellent. It is well printed, and glossy 
paper is used because of the presence of so many half-tones. It is bound 
in sturdy binding which looks as if it would stand being wiped off occa- 
sionally with a damp cloth. Thus, one may feel free to have the book at 
one’s elbow in the laboratory. 

The present reviewer can find no significant adverse criticism. His 
opinion is that the The Rat in Laboratory Investigation is a necessity for 


any experimenter or laboratory using the rat. 
W..T. HERON. 


University of Minnesota. 





1 
cn 


Py 


Re 





BOOKS AND MATERIALS RECEIVED 


GELLHORN, E. Autonomic regulations. New York: Inter- 
science Publishers, 1943. Pp. xii+373. 

PENNINGTON, L. A., Houau, R. B., & Case, H. W. The psy- 
chology of military leadership. New York: Prentice-Hall, 1943. 
Pp. ix +288. 

RANSON, S. W. The anatomy of the nervous system. (7th Ed. 
Rev.) Philadelphia: W. B. Saunders, 1943. Pp. xii+520. 

RAPAPORT, D. Emotions and memory. Baltimore: Williams 
and Wilkins, 1942. Pp. iii+282. 

SHRODES, CAROLINE, VAN GuUNDY, J., & HUSBAND, R. W.(Eds.) 
Psychology through literature. An anthology. New York: Oxford 
Univ. Press, 1943. Pp. xi+389. 

WHITNEY, D. D. Family treasures. Lancaster: Jacques Cat- 
tell Press, 1943. Pp. 299. 

—, Guide Book 1943-44. (1st Ed.) Washington: National 
Training School for Boys, 1943. Pp. 58. 














NOTES AND NEWS 


RODERICK N. MENZIES, on leave of absence from Sarah Lawrence 
College to the Office of Civilian Defense, died suddenly on Monday, 
February 22, 1943. 


JAMES CARLETON BELL, for the past twenty years professor of educa- 
tion, City College (New York), and founder of The Journal of Educa- 
tional Psychology, retired on January 31. 


NORMAN FENTON, professor of education at Stanford University, has 
been appointed consultant in mental hygiene and delinquency prevention 
by the California Youth Correction Authority. He was formerly director 
of the Bureau of Juvenile Research in California. 


G. L. FREEMAN of Northwestern University has been granted a leave 
of absence to take a commission in the United States Naval Reserve. 


DouGLas Parry, clinical psychologist, Syracuse University, has been 
appointed clinical psychologist, Bureau of Child Guidance, Southern 
Illinois Normal University, Carbondale. In addition to his work with 
children, Dr. Parry will give a course in guidance procedures, including 
individual guidance of freshmen and sophomores. REBA HARTLEY, who 
became a member of the department of physiology and health education 
last September, was recently appointed to the staff of the Bureau of Child 


Guidance. 


The REVEREND ROBERT E. BRENNAN, O. P., founder of the Thomistic 
Institute, Providence (R. I.) College, has been appointed visiting profes- 
sor of psychology, Institute of Psychology, University of Montreal. 
Father Brennan is giving a course in the history of experimental psy- 
chology. 


DakEL B. WOLFLE, of the University of Chicago, spoke at a meeting of 
the Minnesota Chapter of Psi Chi, at the University of Minnesota, 
Wednesday, January 27, on ‘‘Teaching Psychology in Wartime.” 


RICHARD ARTHUR [BISON has left the Kemper Military School to ac- 
cept a psychological internship at the Wichita Guidance Center. On the 
same date, MILDRED THOMAS joined the Center staff as a remedial 
teacher. 


The National Training School for Boys has published an interesting 
Guide Book for boys entering the institution. Dr. SrEPHEN Hasse, U.S. 
Public Health Service Psychologist, is responsible for the preparation of 
the Guidebook. Psychologists who are interested may secure a copy by 
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writing to the National Training School, Washington, D. C., on the sta- 
tionery of their organization. 


A new monograph series, entitled Applied Psychology Monographs, 
has been launched by the American Association for Applied Psychology. 
The publisher is Stanford University Press. Inquiries concerning the new 
series, and manuscripts for publication should be addressed to the editor, 
Dr. H. S. Conran, College Entrance Examination Board, Princeton, 
N. J. 


Books For Prisoners of War. A request has been received from the 
War Prisoners’ Aid of the Young Men’s Christian Associations for books 
in the field of psychology, to be sent to allied prisoners of war who are in 
Axis hands, In the prisoner of war camps, there are teachers and graduate 
students in psychology, as well as classes organized by the prisoners them- 
selves; requests for psychology textbooks and treatises are therefore fre- 
quent, and their provision is a great lift to morale. War Prisoners’ Aid 
has had success in getting books into the hands of prisoners of war and 
from time to time prepares shipments to be sent across the seas. 

One difficulty in transmitting books is that before shipment the ap- 
proval of the censor of each book has to be obtained. Hence, a general 
request for donations to which, without doubt, many psychologists would 
respond, would be of little value. The procedure now worked out is that 
of requesting each psychologist to make up a list of the books that he is 
willing to donate for this worthy purpose and send it to Mr. Paut B. 
AnpERSON, War Prisoners’ Aid, World’s Committee of the Y.M.C.A., 347 
Madison Avenue, New York City, who will check the lists with the censor 
and write to the prospective donor informing him which books will be ac- 
cepted. Books sent to prisoners of war may not have any marks or 
erasures in them and the date of publication may not be later than 
September 1, 1939. 

It is hoped that many psychologists will respond to this appeal by 


sending books within their own field. There have been requests from 
prisoners of war for technical and professional books, as well as for more 
popular types of books which are made available through other than 


professional sources. 


lhe RESEARCH COUNCIL ON PROBLEMS OF ALCOHOL has announced an 
award of $1,000 for ‘“‘outstanding research on alcoholism during 1943.” 
The work must contribute new knowledge in some branch of medicine, 
biology or sociology important to the understanding or prevention or 
treatment of alcoholism. Citizens of the United States, Canada or Latin 
America are eligible for the award. 

rhe project may have been inaugurated at any time in the past or 
during the year 1943, providided: (a) that a substantial part of the work 
be carried on during the year 1943; (b) that it be developed to a point at 
which significant conclusions are possible before the end of the year; and 
(c) that a report on the work has not been previously announced and de- 
scribed before a scientific body or previously published. It is desirable, 
but not necessary, that those planning to work for the award send to the 
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Council before March 1, 1943, a statement of such intention. A report of 
the work and resulting conclusions must be submitted to the Research 
Council on Problems of Alcohol on or before February 15, 1944. 

The Committee of Award will consist of five members: an officer of the 7 
American Association for the Advancement of Science, and four repre- 7 
sentatives of the Scientific Committee of the Research Council on Prob- | 


lems of Alcohol. 
If the committee is not convinced of the outstanding merit of the 7 


research done during 1943, as described in reports submitted, it may, at 
its discretion, postpone the award for another year, or until such time ag > 
work of such merit has been performed. a 
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